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Summary  Report 
of 

REPAIR  AND  RECLAMATION  OF  GAS  AND  ELECTRIC 
UTILITY  SYSTEMS 


OBJECTIVES 

The  objectives  of  this  study  of  the  gas  and  electric  utility  systems  in 
metropolitan  areas  were  as  follows: 

1.  Analysis  and  identification  of  vital  components  and  facilities 
of  utility  systems. 

2.  Estimation  of  the  repair  times  and  required  manpower  (in  terms  of 
effort  and  necessary  skills)  to  repair  facilities  damaged  by  nuclear- 
weapon  effects. 

3.  Classification  of  required  repair  parts  and  materials  into  critical 
and  noncritical  categories. 

4.  Identification  of  any  specialized  construction  equipment,  tools, 
instruments,  etc.  necessary  to  carry  out  the  repair  effort. 

5.  Estimation,  on  a  utility-wide  basis,  of  the  effort,  mater i  ,'c.c,  and 
most  suitable  approaches  for  the  repair  of  damaged  facilities. 

6.  Derivation  of  pertinent  conclusions  from  the  analysis  of  alternate 
sources  for  material  critical  to  the  recovery  task. 


PROCEDURE 

The  procedures  followed  were: 

1.  Detailed  functional  descriptions  of  "typical"  gas  and  electric 
utility  systems  were  developed  with  primary  emphasis  based  or. 
facilities  located  within  the  local  or  urban  area. 

2.  The  elements  or  components  vital  to  the  functioning  of  the  utility 
system  were  identified  and  rated  as  to  criticality,  i.e.,  the 
element’s  functional  contribution  to  the  system’s  operation. 

Damage  to  the  various  system  elements  was  estimated  for  a  wide 
range  of  weapon  effects  and  intensities.  All  weapon  efforts  were 
keyed  to  overpressure. 
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4.  Repair  time  and  effort  requii emen ts  were  estimated  ior  each  critical 
element  of  the  system  individually  and  then  summarized  to  obtain  the 
repair  reclamation  "cost”  for  the  utility. 

5.  The  results  of  the  repair  estimates  were  analyzed,  and  a  mathematical 
model  was  developed  to  relate  damage  (expressed  as  overpressure)  to 
repair  effort  (in  man-days)  . 

fj.  A  "typical"  city  with  "typical gas  and  electric  utility  systems  was 
used  to  assess  the  overall  repair  requirements  for  various  levels  of 
damage. 

7.  The  time-phased  repair  effort  was  determined  for  each  utility  system, 
including  requirements  for  manpower,  (by  skill)  and  supplies;  alternate 
operating  procedures  which  might  alleviate  constraints  created  by 
shortages  of  resources  were  also  considered. 


SIGNIFICANT  FINDINGS 

•  Metropolitan  gas  utility  systems,  because  they  are  primarily  located 
below  ground  and  are  composed  of  few  kinds  of  elements,  all  having 
great  structural  strength,  are  much  less  vulnerable  to  weapons  damage 
than  are  electric  utility  systems,  which  are  primarily  above  ground  and 
consist  of  varied  elements,  many  of  which  are  easily  damaged. 

€>  Gas  utility  systems  are  relatively  simple  in  design  and  operation  and 
even  when  damaged  require  relatively  small  repair  effort;  electric 
utility  systems  are  complex  and  interdependent,  so  that  when  damage 
occurs,  repair  requirements  are  high  in  terms  of  manpower,  equipment, 
spare  parts,  and  materials. 

•  The  level  of  damage,  expressed  as  overpressure,  can  be  related  to 
repair  effort  by  an  exponential  function  for  which  appropriate  parameters 
are  known.  This  matematical  repair  model  can  be  used  to  predict  repair 
requirements  for  various  levels  of  damage  for  real  utilities  and  real 
cities. 

•  Charts  showing  the  time-phased  repair  effort,  by  skill  classification, 
are  presented  for  each  of  the  utilities  at  two  different  levels  of 
damage. 

Damaged  Components  and  Continuity  of  Service 


At  very  low  overpressures  (1  to  2  psi)  electric  utility  service  would  be 
temporarily  disrupted  immediately  following  the  atta.ck  until  such  time  as  repair 
crews  could  make  minor  repairs  on  protective  devices  and  the  system  converted 
to  manual  control,  a  matter  of  some  hours  if  personnel  are  available.  At 
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overpressures  of  3  to  4  psi.  electric  utilities  would  sustain  moderate  to 
serious  damage  to  distribution  systems  (primarily  from  broken  poles  and  trees 
falling  across  overhead  lines) ,  and  large  sections  of  the  city  would  be  without 
power  for  a  matter  of  days  or  weeks.  Transmission  lines  would  be  expected  to 
sustain  little  damage.  Failures  might  occur  in  the  steam  electric  generating 
facility,  primarily  due  to  damaged  control,  systems,  but  such  failures  would  be 
of  relatively  short  duration  if  repair  crews  were  on  hand  and  manual  operation 
could  be  instituted.  Further,  power  might  be  "imported”  via  interties  from 
generating  stations  in  unaffected  areas.  At  somewhat  higher  overpressure  levels 
(4  to  6  psi) ,  all  aboveground  distribution  systems  and  most  of  the  transmission 
systems  of  the  electric  utility  would  be  severely  damaged  and  inoperable.  Even 
with  the  massive  repair  effort,  service  over  the  entire  city  would  be  disrupted 
for  a  matter  of  weeks  or  months.  Electric  generating  plants  would  sustain 
considerable  damage,  which  w;ould  require,  at  a  minimum,  a  repair  effort  of  many 
months.  Substations  and  switch  yards  would  also  be  damaged  to  a  considerable 
extent.  Imported  power  from  interties  would  not  be  usable  until  such  time  as 
transmission  and  distribution  systems  and  substations  within  the  city  were 
repaired  or  rebuilt.  At  overpressure  levels  above  8  psi,  the  distribution  and 
transmission  systems  of  the  electrical  utility  would  be  so  severely  damaged 
that  rebuilding  would  be  undertaken  only  in  the  most  unusual  circumstances; 
even  the  reuse  of  salvageable  parts  would  be  unlikely.  The  estimated  repair 
effort  ior  the  "typical"  utility  and  the  "typical"  city  (400,000  persons)  would 
be  l7l,0G0  roan -days;  this  effort  would  require  a  minimum  of  120  days  and  an  average 
crew  size  of  (80  men  (3  shifts/day) . 

Interuption  c-f  service  to  gas  consumers  is  unlikely  to  occur  at  low  over¬ 
pressures.  The  first  major  demand  for  repair  services  occurs  at  about  4  psi. 


when  the  failure  of  structures  will  break  service  connect  ions .  venting  gas  tc 
the  atmosphere;  the  gas  utility  then  has  the  choice  of  either  cutting  off  the 
supply  at  the  consumers  service  connection  (a  most  time-consuming  effort)  or 
cutting  off  entire  service  areas  at  district  regulators  (in  extreme  cases  an 
entire  city  might  have  to  be  cut  off  from  the  gas  supply  of  the  city  gate  station). 
At  10  to  12  psi  serious  damage  to  aboveground  gas  pipe  lines  (such  as  river 
crossings)  and  appurtenances  (such  as  city  gate  stations)  would  be  widespread. 
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could  be  rather  rapidly  reestablished,  although  service  to  consumers  (presumably 
in  areas  experiencing  considerably  less  damage)  could  not  be  resumed  until  the 
affected  portions  of  the  system  could  be  purged  of  air  and  tested.  Extensive 
damage  to  the  underground  pipeline  system  would  be  expected  to  occur  only 
where  air-induced  or  direct  ground  shock  is  an  important  factor,,  Presently 
available  data  are  insufficient  to  allow  any  reasonable  estimate  to  be  made 
concerning  the  occurrence  and  degree  of  damage  resulting  from  such  phenomena. 
Virtually  no  repair  effort  is  required  in  the  ’typical"  gas  utility,  in  the 
"typical”  city,  at  the  4  psi  overpressure  level,  (disregarding  any  attempt  to 
cap  off  each  individual  broken  service  connection);  at  9  psi  the  estimated 
repair  effort  would  be  approximately  1050  man -days;  repair  time  could  be  as 
short  as  5  days  using  an  average  crew  size  of  75  men  (3  shifts/day). 

Adequacy  of  Supplies  and  Spare  Parts 


The  probable  postattack  demand  for  replacement  parts  would  be  high.,  while 
their  probable  availability  would  be  low.  Certain  critical  elements  appear 
to  impose  special  constraints  upon  the  restoration  of  the  electrical  utility 
in  particular,  these  being  large  transformers,  porcelain  insulators,  and  small 
pole-mounted  transformers. 

Requirements  for  Manpower 

It  is  probable  that  major  shortages  in  some  repair  skills  would  occur  even 
in  the  absence  of  personnel  casualties.  Consequently  the  interchanging  of 
repair  skills  would  probably  be  widely  practiced.  Repair  effort  is  expected 
to  roughly  double  where  utility-trained  crews  are  replaced  with  crews  composed 
of  workers  having  different  but  related  skills.  Within  limits,  skilled  labor 
can  be  substituted  for  damaged  components,  and  conversely,  new  components  can 
reduce  the  requirements  for  skilled  labor. 

Requirements  for  Preattnck  Planning 


Utilities,  because  of  their  frequent  encounters  with  natural  disaster, 
have  some  basic  capability  for  meeting  nuclear  disaster.  However,  additional 
planning  and  training  directed  primarily  at  problems  associated  with  nuclear 
attack  would  substantially  increase  the  utilities’  ability  to  remain  in  operation 
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ir;  the  event  of  light  damage  and  to  resume  operations  more  rapidly  in  the 
event  of  heavier  damage.  Since  control  equipment  invariably  fails  prior  to 
the  main  components  of  the  system,  personnel  should  maintain  their  skills  in 
alternate  techniques  which  permit  manual  control  of  operation. 
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ABSTRACT 


This  study  for  the  Office  of  Civil  Defense  has  been  directed  toward 
identifying  the  essential  subsystems  and  components  of  metropolitan  gas  and 
electric  utility  systems,  determining  their  functional  relationships,  estimating 
the  damage  to  critical  elements  from  various  nuclear  weapons  effects,  and 
estimating  the  repair  requirements  for  restoring  damaged  systems.  A  mathematical 
repair  model  was  developed  and  applied  to  a  "typical”  city,  and  from  the  results 
of  this  study,  time  repair  effort,  including  manpower  by  skills,  was  derived. 

The  major  findings  of  the  report  are: 

•  Being  located  primarily  below  ground  and  comprised  of  elements  having 
great  structural  strength,  metropolitan  gas  utility  systems  tend  to 

be  much  less  vulnerable  to  weapon  damage  than  electric  utility  systems. 
Further,  gas  system  installations  are  generally  less  complex  in  design 
and  function  and,  therefore,  impose  smaller  and  less  stringent  repair 
requirements  in  terms  of  manpower,  skills,  equipment,  spare  parts, 
and  materials. 

•  The  level  of  damage,  expressed  as  overpressure  (and  related  weapon 
effects)  can  be  related  to  repair  effort  by  an  exDerimental  function. 

This  mathematical  repair  model  can  be  used  to  predict  repair  require¬ 
ments  (including  men  and  materials  under  various  assumed  attack 
conditions)  for  real  utilities  and  real  cities. 


Other  Findings  Include: 

•  A  shortage  of  skilled  utility  system  workers  could  impose  serious 
constraints  on  all  phases  of  the  postattack  repair  program,  although 
some  interchanging  with  related  skills  and  substitution  by  a  larger 
work  force  of  semi-skilled  workers  would  generally  yield  satisfactory 
repairs. 

•  Preattack  planning  directed  toward  inventorying  and  stockpiling  critical 
repair  resources,  training  utility  employees  to  perform  emergency  repairs, 
and  planning  special  shutdown  and  emergency  protective  procedures  is 
recommended. 

•  Recommendations  for  future  research  include  a  quantitative  determination 
of  the  interchangeability  of  labor  skills,  an  investigation  of  the  change 
in  consumer  utility  demand  following  a  nuclear  attack,  a  study  of  the 
capability  of  the  postattack  economy  to  furnish  the  required  utility 
replacement  parts,  and  an  extension  of  the  present  study  to  include  nuclear 
power  plants. 
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FOREWORD 


In  this  study  ox  the  vulnerability  and  repair  of  metropolitan  gas  and 
electric  utility  systems,  URS  provided  overall  direction,  prediction  of 
weapons  effects,  estimation  of  damage,  and  interpretation  of  results.  Sub¬ 
contractors  provided  data,  technical  support,  and  critical  review,  with  major 
contributions  in  the  areas  of  system  definition  and  repair  requirements  and 
time-phasing.  Kennedy  Engineers  of  San  Francisco,  who  specialize  in  municipal 
and  utilities  engineering,  served  as  subcontractors  on  the  gas  utility  phase. 

1 

Beamer/Wilkinson  and  Associates  of  Oakland,  California,  electrical  engineering  | 

consultants  with  experience  in  electrical  distribution  systems,  were  sub-  f 

contractors  on  the  electric  utility  phase  and  provided  informal  liaison  with 

| 

the  utility  industry  when  required.  The  Defense  Electric  Power  Administration 

3 


(DEPA)  and  the  Office  of  Oil  and  Gas  (00G) ,  which  have  been  established  to  § 
provide  liaison  between  the  electric  and  gas  utilities  and  government  and  * 
industry,  were  also  contacted  to  obtain  additional  information  on  utility  % 
operations.  The  repair  estimates  were  reviewed  by  two  consultants  having  f 
extensive  operating  experience,  Mr.  George  A.  Peers,  former  vice-president 


in  charge  of  electrical  operations  for  Pacific  Gas  and  Electric,  provided  the 
review  of  the  electric  utility  and  Mr.  Thomas  P.  Jenkins,  a  former  division 
manager  for  the  gas  system  of  Pacific  Gas  and  Electric,  provided  the  review  of 
the  gas  utility. 
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Section  1 
INTRODUCTION 


The  operation  of  public  utilities  following  a  nuclear  attack  is  essential 
for  the  support  of  postattack  emergency  and  recovery  operations.  Many  necessary 
functions  will  be  impossible  to  perform  until  damaged  utility  systems  can  be 
repaired  and  operation  restored.  Recognizing  the  importance  of  the  services 
provided  by  public  utilities,  several  organizations  have  undertaken  studies 
in  the  past  to  determine  the  vulnerability  of  various  utilities  co  nuclear 
attack.  Also  many  public  utilities  have,  on  their  own  initiative,  prepared 
survival  plans  applicable  to  their  own  systems.  However,  despite  the 
availability  of  these  various  studies  and  plans,  no  general  guidelines  have 
been  available  for  estimating  the  magnitude  of  the  repair  problem  which  might 
be  faced  by  utility  systems. 


OBJECTIVES 

The  objectives  of  this  study  of  the  gas  and  electric  utility  systems 
of  metropolitan  areas  are  as  follows: 

1.  Analysis  and  identification  of  the  vital  components  and  facilities 
of  utility  systems.  This  includes  both  the  utility  system  equip¬ 
ment  or  plant  and  the  key  operating  and  maintenance  materials  -- 
lubricating  oils,  bearings,  filters,  and  the  like  —  required  for 
continuous  operation  of  the  system. 

2.  The  estimation  of  the  repair  times  and  the  required  manpower  in 

terms  of  the  necessary  skills  and  the  significant  material  i  ?quirements 
to  repair  facilities  damaged  by  nuclear  weapons. 

3.  Classification  of  the  required  repair  materials  and  parts  into 
categories,  such  as  the  following:  a.  absolutely  necessary  for 
repair;  b.  substitute  materials  or  parts  can  be  used;  c.  modifi¬ 
cation  of  operating  procedures  from  preattack  standards  will  eliminate 
any  requirement. 

A.  Identification  of  any  specialized  construction  equipment,  tools, 
instruments,  or  other  devices  necessary  to  carry  out  the  repair 
effort. 
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5.  Generalization,  on  the  basis  of  the  cases  studied,  of  the  esti¬ 
mating  methods  developed  and  employed  to  provide  suitable  proced¬ 
ures  to  estimate  on  a  utility-wide  basis  the  effort,  materials, 
and  most  suitable  approaches  for  the  repair  of  damaged  facilities. 

6.  Derivation  of  pertinent  conclusions  from  the  analysis  of  alter¬ 
native  sources  for  material  critical  to  the  recovery  tasks. 

BACKGROUND 

A  number  of  studies  have  been  made  concerning  the  impact  cf  nuclear 
weapons  on  electric  utility  systems  and  their  components.  The  vulnerability 
of  large  steam  electric  generating  plants  has  been  analyzed  by  Armour  Research 
Foundation  (now  IIT  Research  Institute— Ref .  1)  and  by  Consoer,  White,  and 
Kersey  (Ref.  2) .  Similar  information  for  plants  of  the  TVA  system,  including 
hydroelectric  plants  and  dams,  was  investigated  by  Advanced  Research,  Inc. 

(Ref.  3)  .  Typical  conq>onents  of  transmission  and  distribution  systems  were 
tested  in  a  field  exercise  at  the  Nevada  Test  Site  in  1955  and  are  reported  in 
Ref.  4.  Electric  utility  systems  are  often  subjected  to  natural  disaster;  a 
we 11 -documented  example  is  given  by  U.S.  Naval  Civil  Engineering  Laboratory 
(Ref.  5) ,  which  assessed  the  effects  of  the  Alaskan  earthquake  on  the  utilities 
in  the  Anchorage  area.  Also,  damage  to  electric  generating  plants  due  to  rapid 
shutdown  was  considered  in  a  recent  SRI  report  (kef.  6) . 

The  Defense  Electric  Power  Administration  of  the  Department  of  Interior 
is  responsible  for  assisting  electric  utility  conq>anies  to  prepare  for  national 
emergency  and  has  issued  a  manual  (Ref.  7)  which  discusses  in  a  cursory  manner 
elements  in  the  protection  of  electric  power  systems.  In  a  separate  report 
(Ref.  8)  DEPA  assesses  the  capability  of  the  major  electric  transmission  networks 
and  interconnections  in  the  United  States  to  supply  power  requirements  after 
a  moderate  nuclear  attack;  this  latter  report  concludes  that  because  of  inter¬ 
connections,  no  major  power  shortages  would  occur.  However,  problems  can  arise 
from  dependency  on  interconnections,  as  demonstrated  for  exanq>le,  in  the 
Northeast  power  failure  of  November,  1965  and  the  Missouri  Basin  power  failure 
of  January,  1965  (Ref.  9). 
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Probable  effects  ol  nuclear  attack  on  a  city's  electric  utility  system 
were  recently  studied  (in  part  by  URS  Corporation)  m  the  Engineering:  Phase 
of  the  EOSD  Study  (Refs.  10,  11  and  12).  This  study  predicted  the  damage  to 
the  components  of  the  electric  utilities  in  three  cities  arid  the  probable 
capability  of  restoring  the  utility  to  a  functioning  condition.  Other  studies 
have  been  conducted  (but  not.  all  reported)  by  the  U.S.  Naval  Radiological 
Defense  Laboratory,  Research  Triangle  Institute,  and  Stanford  Research  Institute. 

The  literature  related  to  the  effects  of  nuclear  attack  on  the  gas 
utilities  is  quite  limited.  An  American  Gas  Association  paper  (Ref.  13), 
although  slanted  toward  conventional  warfare,  lists  many  protective  and  repair 
measures  applicable  to  nuclear  warfare  situations  and  provides  guidance  for 
controlling  and  repairing  blast  damage  to  gas  works  and  gas  distribution  systems. 
Two  tests  have  been  run  at  the  Nevada  Test  Site  on  the  vulnerabi lity  of  components 
of  gas  utilities  to  nuclear  blast.  In  the  first  test  (Ref.  1-1)  the  damage  to 
an  LP  gas  installation  was  assessed,  and  in  the  second  test  (Ref.  15)  the 
damage  sustained  by  typical  natural  and  manufactured  gas  underground  and  above¬ 
ground  installations  was  determined.  Although  considerable  information  has 
been  developed  oh  the  vulnerability  of  storage  tanks  for  liquid  petroleum 
products,  no  directly  applicable  vulnerabi lity  information  is  available  for  the 
large  gas  holders  typical  of  municipal  gas  utility  systems. 

A  study  of  the  overall  vulr.er ability  of  gas  utility  systems  to  nuclear 
attack  was  undertaken  as  a  part  of  the  Emergency  Operations  System  Development 
(Refs.  7.0,  11  and  12).  It  considered  the  effects  of  blast  on  the  various 
components  of  the  gas  utility  systems  in  three  cities  but  did  not  assess  the 
probable  repair  effort  that  would  be  required.  The  Alaska  earthquake  caused 
some  damage  to  the  gas  utility  system  in  the  Anchorage  area,  but  the  systems 
were  back  in  operation  within  48  hours  (Ref.  5).  SRI,  in  considering  the  effects 

of  nuclear  attack  on  the  petroleum  industry  (Ref.  1G) ,  concluded  that  the  gas 
transmission  network  extending  from  the  wellhead  to  the  city  gate  station  was 
sufficiently  isolated  and  dispersed  (and  relatively  hard)  so  as  to  sustain 
little  damage.  A  recent  publication  sponsored  by  the  Department  of  the 
Interior  provides  guidance  to  the  petroleum  and  gas  industries  on  management 
procedures  in  case  of  nuclear  attack  but  does  not  discuss  damage  or  repair 
(Ref.  17). 
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Section  2 
APPR  3ACH 

The  approach  used  and  the  sequence  are  as  follows: 

S y s l effis  Descript  ion 

Detailed  functional  descriptions  of  typical"  g  as  and  electric  utility 
systems  were  developed,  with  primary  emphasis  placed  on  the  facilities  located 
within  the  local  or  urban  area  (as  contrasted  with  long-distance  electrical 
transmission  or  gas  pipeline  networks).  These  functional  descriptions  included 
system  components  :.nd  encompassed  supplies,  repair  parts,  and  maintenance 
materials.  Personnel,  however,  were  not  considered  to  be  components  of  the 
sys  t  ems . 

Critical  Element  Designation 

The  elements  or  components  that  are  vital  to  the  functioning  of  sub¬ 
systems  or  systems  were  identified  and  rated  as  tc  criticallity ,  ie.,  the 
element's  functional  contribution  to  the  system’s  operation.  Key  operational 
procedures  wire  noted  and  materials  and  supplies  which  were  essential  to  the 
continued  operation  of  the  system  were  indicated. 

Damage  Estimates 

.Damage  to  the  various  system  elements  (excluding  personnel)  was  estimated 
for  a  wide  range  of  weapon  effects  and  intensities.  Primary  attention  was 
directed  toward  overpressure,  other  weapon  effects  (heat,  fire,  ground  shock, 
etc.)  were  considered  in  less  detail,  and  the  damage  produced  was  incorporated 

into  the  overpressure  damage  estimates.  All  damage  estimates  are  based  upo*'  a 

«■ 

weapon  in  the  1-10  Mt  range.  Fallout  was  not  considered  since  it  serves 

*  it 

primarily  ns  a  constraint  on  personnel  activity. 

*  *Vr  considered  a  .T-Mt  air  hurst  as  the  weapon  yield  used  for  the  analysis; 
howe*.er,  the  results  are  applicable  to  the  1-  to  lo-.Mt  yield  range. 

*  '  Tiie  presence  of  fallout  can  impair  the  restoration  of  the  system  and  can  even 
contribute  to  the  system’s  damage  by  necessitating  rapid  shutdown.  Other 
studies  (R'-i.  6)  have  considered  this  aspect  briefly. 
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Repair  Estimates 

Repair  time  and  eifort  requirements  were  estimated  for  each  critical 
element  of  the  system  individually  and  then  summarized  to  obtain  the  repair 
reclamation  "cost"  for  the  utility.  Repair  effort  was  estimated  in  terras  of 
repair  time,  required  manpower  (in  terms  of  necessary  skills  and  number),  and 
the  significant  materials  required.  Repair  estimates  were  prepared  for  all 
levels  of  damage  with  no  regard  to  the  probability  of  serving  the  relatively 
immediate  needs  of  the  population.  Repair  estimates  were  prepared  for  three 
levels  of  restoration  and  two  classes  of  repair  crew  capability. 
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Development  of  a  Repair  Model 

The  results  of  the  repair  estimates  were  analyzed,  and  a  mathematical 
model  was  developed  to  relate  damage  (as  expressed  in  psi)  to  repair  effort 
(in  man-days  or  man-hours). 

Repair  of  Total  Utility  Systems 


A  ’typical  ‘  city  with  'typical  gas  and  electric  utility  systems  was  used  tc 
assess  the  repair  requirement'’':  for  various  levels  of  damage. 

Time-Phased  Repair 


The  time-phasing  of  the  repair  effort  was  determined  for  each  utility 
system,  including  requirements  for  manpower  (by  skill),  supplies,  and  alter¬ 
nate  operating  procedures.  Time-phasing,  as  used  herein,  refers  to  the 
necessary  sequencing  of  the  repair  effort  and  rot  to  an  optimum  scheduling 
such  as  would  be  attained  with  a  CPM  or  PERT  methodology.  (These  sophisticated 
techniques  -*ould  certainly  be  applicable  for  postattack  recovery  efforts  when 
actual  values  can  be  ascertained  with  some  degree  of  confidence.) 

REPORT  ORGANIZATION 

The  basic  analysis,  which  includes  system  description,  designation  of 
critical  elements,  damage  assessment,  and  repair  estimates,  are  described  and 
briefly  discussed  in  Section  3.  The  de  led  information  generated  for  the 
repair  of  critical  elements  is  tabulated  in  the  Repair  Analysis  Sheets  of 
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Appendix  A.  The  derivation  and  use  of  the  wathmatical  repair  model  is  described 
in  Section  4,  with  Section  5  describing  its  application  to  a  typical  city.  The 
time-phased  repair  for  manpower  and  equipment  is  presented  in  Section  6. 

Discussion  of  the  implications  of  the  results  of  the  repair  study  is  made  in 
Section  7,  with  conclusions  and  recommendations  presented  in  Section  8. 

References  constitute  Section  9;  a  selected  bibliography  of  utility  operations 
is  given  in  Appendix  C.  Supplementary  repair  information  is  listed  in  Appendix  B. 


URS  669-6 


3-1 


Section  3 

BASIC  ANALYSIS  OF  UTILITY  SYSTEMS 

This  section  includes  the  selection  process  used  in  describing  typical 
gas  and  electric  utility  systems,  the  rationale  for  rating  the  criticaliity 
of  components  of  the  systems,  the  procedures  for  evaluating  damage  to  the 
components,  and  the  manner  in  which  the  repair  estimates  were  made. 

DESCRIPTION  OF  TYPICAL  UTILITY  SYSTEMS 

As  a  first  step  in  analyzing  metropolitan  gas  and  electric  utility 
systems,  the  pertinent  literature  and  statistics  were  surveyed  (Refs.  1  —  19) 
to  determine  the  general  composition  of  such  systems  as  they  exist  in  this 
country.  The  spectrum  found  was  broad  and  included  differences  in  the 
service  area,  size,  population,  degree  and  type  of  industrialization, 
proximity  to  fuel  sources  and  cooling  water,  climate,  etc.  Two  "typical” 
utility  systems  were  selected,  one  for  gas,  one  for  electric.  These  examples 
embodied  the  most  common  practices  of  existing  systems  throughout  the  country. 
This  approach  allowed  our  analytical  efforts  to  be  focused  on  specific  items 
of  equipment  and  specific  d.sign  practices.  Major  subsystems  within  each 
utility  system  were  then  delineated  and  the  number  of  individual  elements 
comprising  each  of  the  subsystems  quantified  on  the  basis  of  the  capacity 
of  the  major  element  of  the  subsystem  (e.g.,  six  feedwater  heaters  are  required 
for  the  one  boiler  that  was  chosen  for  the  boiler  subsystem).  Both  current 
and  out-of-date  equipment,  materials,  and  design  practices  were  considered. 

Only  facilities  located  in  or  near  metropolitan  areas  were  studied.  For  this 
reason  gas  wells,  processing  plants,  transmission  pipelines  and  compressor 
stations,  hydroelectric  and  nuclear  power  plants,  and  long-distance  transmission 
lines,  all  of  which  are  normally  remote  to  metropolitan  area,  were  not  considered 
in  this  study. 

The  "typical"  systems  actually  studied  are  described  briefly  on  the 
following  pages  and  shown  schematically  in  Fi  s.  1  and  2.  The  rationale  for 
selecting  these  generalized  systems  is  also  included. 


Transatiasion  Pressure 
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Fig.  1.  Overview  -  Gas  Utility  System 
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Description  of  a  Gos  Utility  System 

The  natural  gas  systems  installed  in  this  country  can  be  divided,  for 
purpos<  .  of  discussion,  into  four  basic  segments: 

•  sources 

•  processing  facilities 

•  long-distance  transmission 

o  local  distribution 

Gas  sources  consist  for  the  most  part  of  gas  wells,  although  petroleum 
refineries  contribute  to  some  extent.  Processing  facilities  have  the  function 
ci  removing  from  the  gas  the  various  solid,  liquid,  and  gaseous  impurities 
which  could  interfere  with  the  subsequent  handling  or  use  of  the  gas.  Pro¬ 
cessing  facilities  are  generally  located  relatively  close  to  the  source,  and  long¬ 
distance  transmission  systems  transport  the  gas  by  pipeline  from  the  processing 
facilities  to  the  areas  where  the  gas  will  be  used.  Major  transmission  pipelines 
are  a  foot  or  more  in  di_raeter  and  operate  at  pressures  of  several  hundred 
pounds  per  square  Inch  (psi).  Because  of  the  long  distances  involved  (often 
many  hundreds  of  miles),  it  is  necessary  to  locate  compressor  stations  along 
the  pipelines  to  maintain  high  flow  rates. 

The  local  distribution  system  (the  subject  of  this  investigation)  is  shown 
schematically  in  Fig.  1.  The  city  gate  station  serves  as  the  interface  between 
the  distribution  system  and  the  transmission  system  by  providing  a  means  of 
drawing  off  gas  from  the  high-pressure  transmission  pipeline.  Besides  reducing 
the  pressure  of  the  gas,  the  city  gate  station  performs  the  important  function 
of  measuring  and  controlling  the  rate  of  flow  into  the  distribution  system. 
Additional  functions  often  performed  at  the  city  gate  station  (depending  upon 
the  properties  of  the  gas  being  handled,  the  nature  of  the  distribution  system, 
and  the  requirements  imposed  by  the  consumers)  include: 

•  Adding  special  chemicals  which  impart  a  distinct  odor  to  the  gas, 
thereby  making  any  leaks  in  the  system  readily  dectectable. 

•  Filtering  and  cleaning  the  gas  to  remove  fine  solid  or  liquid  impurities 
which  could  interfere  witn  the  operation  of  equipment  in  the  distribution 
system  and  at  the  consumer’s  point  of  use. 

•  Oil  fogging  or  humidification  of  the  gas  to  protect  pipes  and  pipe  joints 
from  deterioration  (not  universally  practiced). 
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From  tho  city  gate  station,  the  gas  flows  through  the  distribution 
system  to  the  consumer.  The  distribution  system  itself  consists  primarily  of 
gas  mains  of  various  sizes  and  materials.  Older  distribution  systems  consist 
of  relatively  large-diameter  cast  iron  pipe  operating  at  very  low  .  essures 
(less  than  1/3  psi) .  Such  pipes  are  virtually  inflexible  and  are  therefore  made 
up  in  short  lengths  connected  with  many  bell-and-spigot  type  packed  joints. 

Fewer  distribution  mains  are  generally  much  smaller  in  diameter,  operate  at 
higher  pressures,  and  are  made  of  si-^el  pipe  with  welded  joints. 

Gas  pressures  are  high  near  the  city  gate  station  and  lower  near  the 
consumer.  Some  of  this  pressure  drop  is  due  to  frictional  effects,  but  most  is 
achieved  by  special  installations  called  district  regulators  (shown  in  Fig.  1). 
District  regulators  consist  of  pressure-regulating  valves  which  step  the  pressure 
down  to  specific  predetermined  levels,  the  degree  of  reduction  depending  upon 
the  size,  nature,  and  requirements  of  the  system  downstream.  In  some  distribution 
systems,  the  pressure  drop  due  to  friction  is  excessive  and  must  be  compensated 
for  by  distribution  compressor  stations,  which  literally  pump  the  gas  through 
the  mains. 

Peak-shave  facilities  are  often  a  part  of  the  system.  The  term  "peak- 

shave"  is  derived  from  ard  refers  to  the  demand  curve  (a  plot  of  flow  rate 

vs.  time) ,  During  periods  of  high  gas  use,  the  demand  rises  to  maximums  wuich 

often  exceed  the  transmission  system’s  capacity  tc  deliver  gas.  The  peak-shave 

plant  is  then  employed  as  an  in-system  source  of  gas  to  "shave”  off  these  "peaks" 

or  maximums.  The  basic  methods  used  for  shaving  peaks  are:  storage  (either 

in-system  storage  achieved  by  temporarily  boosting  line  pressures  or  off-system 

storage  in  high-  or  low-pressure  holders)  or  substituting  natural  gas  with 

manufactured  gas  (prepared  by  thermally  breaking  down  coal)  or  with  a  blend  of 
* 

LP-gas  and  air  having  properties  similar  to  natural  gas.  The  latter  method  is 
becoming  more  popular  and  has  been  examined  in  this  study. 

Service  connections  form  the  interface  between  the  distribution  system  ar.d 
the  consumer  and  consist  of  a  meter,  a  shutoff  valve,  and  a  service  regulator 
(where  the  distribution  pressure  is  too  high  for  direct  use  by  the  consumer) . 


*  LP-gas  is  an  abbreviation  for  liquefied  petroleum  gas,  a  by-product  of  petroleum 
refining. 
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additional  information  on  operational  and  technical  aspects  of  the  gas  utility 
industry  are  listed  in  Appendix  C. 

Subsystem  Description  -  Gas  Utility 


The  subsystems  on  which  the  damage  estimates  and  repair  analyses  were 
performed  are  described  below.  Any  assumptions  made  concerning  unit  size, 
type,  or  location  have  been  indicated  where  pertinent.  Further  information 
on  each  subsystem  element  is  given  on  the  Repair  Analysis  Sheets  (Appendix  A). 

•  City  Gate  Station  -  Major  piping  and  appurtenances  are  mounted  free¬ 
standing,  aboveground,  in  a  valve  yard,  with  instrumentation  and  control 
system  components  located  inside  a  prefab,  steel  industrial-type 
building.  First -stage  regulation  is  by  compressed-air-operated 
regulator  valves,  lower  pressure  regulation  and  relief  by  gas -operated 
valves.  Odorization  facilities  are  of  the  injector  type  and  are 
located  in  a  small  prefab  steel  shed  separate  from  the  main  building. 

•  Peak-Shave  Plant  -  Only  the  LP  —  air  type  plant  was  studied  as  the 
old  raanufactured-gas  type  is  rapidly  being  phased-out  of  existing 
systems.  All  components  of  the  plant  (including  piping)  are  located 
free-standing,  aboveground,  in  a  valve  yard.  Comoonents  are  connected 
to  form  individual,  independent  modules,  each  module  containing  one 
30,00G-gal  LP  tank.  While  low-pressure  aboveground  gas  holders  aye 
used  for  peak  shaving,  they  generally  store  only  relatively  small 
amounts  of  gas.  Further,  they  are  extremely  vulnerable  to  weapon 
effects  and  would  probably  lose  their  stored  gas  at  very  low-over¬ 
pressures.  Once  this  occurs,  the  installations  can  provide  virtually 
no  postattack  service  (they  cannot  serve  as  a  sole  source  of  gas  as 
can  an  LP-gas  peak-shave  plant)  and  their  repair  would  not  be  feasible. 
Hence,  they  have  been  given  no  further  consideration  in  this  report. 

•  District  Regulator  Station  -  Components  (a  strainer,  regulator  valve, 
relif  valve,  and  plug  valves)  are  located  belowground  in  a  concrete 
vault  covered  by  steel  doors.  Components  are  mounted  directly  on  the 
gas  pipe  which  passes  through  the  vault. 


*  Their  capacity  is  small  compared  with  the  total  amount  of  gas  demanded  for 
a  day's  operation.  Most  cities  could  not  operate  under  normal  conditions 
for  more  than  a  day  or  so  using  only  the  gas  stored  in  their  low-oressure 
holders. 
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•  Compressor  Station  -  The  station  studied  is  of  the  type  used  for 
distribution  pumping  (i.e. ,  maintaining  pressure  lost  through  pipe 
friction  rather  than  the  compression  required  for  high-  or  low-pressure 
storage  facilities).  The  system  consists  of  an  electrically  driven 
reciprocating  compressor  located  aboveground  in  a  prefab,  steel 
industrial-type  building.  A  wood  lath  forced-draft-type  cooling  tower 
provides  cooling  for  the  compressor  and  the  compressed  gas. 

•  Domestic  Service  Installation  -  Meter  (and  regulator  where  applicable) 
is  located  outdoors  just  above  ground  level  and  directly  adjacent  to 
the  building  served.  The  service  pipe  rises  from  the  ground,  supports 
the  meter,  regulator,  and  shutoff  valve,  then  enters  the  building. 

<*  Commercial  Service  Installation  -  The  meter  (and  regulator  where 
applicable)  is  located  outdoors  at  or  just  above  ground  level  and 
directly  adjacent  to  the  building  served.  The  service  pipe  rises  from 
the  ground,  supports  the  meter,  and  then  enters  the  building  directly. 

•  Light  Industrial  Installation  -  The  meter  (and  regulator  where  applicable) 
is  located  free-standing,  aboveground,  in  a  small,  outdoor  control 
complex. 

•  Heavy  Industrial  Installation  -  The  meter  and  regulator  (and  first- 
stage  regulation  components)  are  located  free-standing,  aboveground, 
in  a  small  outdoor  control  complex. 

•  Pressure  Levels  -  The  classifications  used  to  identify  operating  pressures 
vary  widely  from  system  to  system.  For  simplicity  we  have  adopted  the 
following: 

* 

Low  Pressure  -  3  to  12  in.  W.C. 

Intermediate  Pressure  -  3  to  15  psi 

High  Pressure  -  15  to  60  psi 

Transmission  Pressure  -  several  hundred  psi 


Description  of  an  Electric  Utility  System 


The  electric  utility  system  of  a  large  metropolitan  area,  such  as  shown 
schematically  in  Fig.  2,  usuallys  consists  of  three  major  subsystems:  generation, 
transmission  and  distribution. 

A  coal-fired,  steam  electric-generating  plant,  such  as  the  one  described 
in  this  study,  would  operate  as  follows:  A  rotary  car  dumper  unloads  coal  from 


*  The  abbreviation  "w.C."  refers  to  the 
pressures  in  inches  of  water  column. 


manometric  measurement  of  low  gas 
(27  in.  W.C.  =  1  psi). 


* 
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freight  trains  onto  conveyer  belts  which  move  the  coal  to  hoppers  ana  stock¬ 
piles  and  then,  as  needed,  to  coal  pulverizers.  The  pulverized  coal  is  mixed 
with  heated  air,  supplied  bv  forced-draft  fans,  and  injected  into  the  combustion 
chamber  of  the  boiler.  The  boiler  produces  steam  at  very  high  temperatures  and 
pressures  (typically  1050JF  and  2-100  psi)  which  is  led  to  the  impeller  blades  of 
the  turbine,  which,  in  turn,  drives  the  generator  through  a  direct  connection. 

The  spent  steam  is  drawn  by  vacuum  into  the  condenser  (and  condensed)  and  after 
treatment  to  remove  impurities,  pumped  back  to  the  boiler  tubes  via  several  re¬ 
heat  stages. 

Auxiliary  subsystems  necessary  to  the  operation  of  the  turbine  —  generator  _ 

?  f 

set  include:  lubricating  oil,  hyarogen  cooling,  field  excitation,  and  station 
bus.  The  lubricating  subsystem  circulates  oil  to  the  bearings  of  both  the  tur¬ 
bine  and  generator.  Hydrogen  is  used  in  a  closed  system  to  cool  the  generator.  -t 

*4f 

The  excitation  subsystem  provides  DC  power  for  the  generator  field,  and  the 

station  bus  provides  the  means  of  transmitting  power  to  the  auxiliary  subsystems  ^ 

within  the  generating  plant. 

A  typical  transmission  system  in  a  metropolitan  area  usually  consists  of  f 

step-up  transformer  stations  .transmission  lines,  switching  stations,  and  step- 
down  transformer  stations  of  various  sizes.  A  transmission  line  is  considered 
here  to  include  the  conductors,  insulators,  and  supporting  towers.  The  basic 
elements  of  a  transmission  substation  are:  the  transformer,  which  takes  voltage 
at  one  level  and  either  steps  it  up  or  down  depending  on  its  function;  the  cir¬ 
cuit  breaker,  which  protects  the  system  by  disconnecting  it  from  the  line  when 
faults  (i.e.,  short  circuits)  cccur  in  the  system;  and  the  bus  structure,  which 
interconnects  the  circuit  breaker,  transformer,  and  transmission  line. 


A  typical  distribution  system  in  a  metropolitan  area  usually  consists  of 
primary  distribution  lines,  distribution  substations,  and  secondary  distribution 
lines.  The  distribution  substations  are  quite  similar  to  the  transmission  sub¬ 
stations  (the  elements  are  smaller,  of  course)  and  perform  the  function  of  re¬ 
ducing  voltage  from  tne  transmission  levels  to  the  lower  distribution  levels. 

The  distribution  lines  usually  include  wooden  poles,  conductors,  insulators, 
and  small,  pole-mounted  transformers,  which  reduce  the  voltage  from  the  distribu¬ 
tion  level  to  household  or  commercial  level.  Industrial  service  is  usually 
delivered  at  the  primary  voltage  level. 
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Informational  sources  which  may  be  valuable  to  the  reader  who  desires  addi¬ 
tional  information  on  operational  and  technical  aspects  of  the  electric  utility 
industry  are  listed  in  Appendix  C. 

Subsystem  Description  -  Electric  Utility 


The  subsystem  on  which,  damage  estimates  and  repair  analyses  were  performed 
are  described  below.  Any  assumptions  concerning  unit  size,  type,  or  location 
have  been  included  where  pertinent.  Further  information  on  each  subsystem  ele¬ 
ment  is  given  on  the  Repair  Analysis  Sheets  (Appendix  A). 

•  Coal  Handling  Subsystem  -  Consists  of  a  pulverized  coal  system  with  a 
rotary  car  dumper  and  a  covered  coal  conveying  system.  These  are  assumed 
to  be  located  outside  the  generating  plant  building,  with  the  coal  pul¬ 
verizers  inside.  Capacity  is  120  tons/hour. 

•  Boiler  Subsystem  -  The  boiler  is  of  the  controlled  forced-circulation 
type,  is  rated  at  2,400,000  lb  of  steam  at  2,700  psi ,  and  contains  an  air 
heater,  economizer,  and  superheating  stages.  Both  the  boiler  and  its  an¬ 
cillary  equipment  are  located  inside  a  large,  reinforced  concrete,  steel¬ 
framed  building.  All  ducts,  flues,  and  piping  ire  located  inside  the 
building,  with  forced-draft  fans  located  outside  next  to  the  stack. 

•  Cooling  Water  Subsystem  -  Cooling  is  provided  by  a  body  of  water  (lake, 
river,  ocean)  rather  than  by  cooling  towers.  The  water  intakes,  travel¬ 
ing  trash  screens,  and  pumps  are  located  at  the  water's  edge  in  a  light, 
concrete  building.  The  condenser  and  hot-well  pumps  are  located  inside 
the  generating  plant  building,  under  the  turbine;  reheaters  are  outside. 

•  Turbo-Generator  Subsystem  -  The  turbo- genera  tor  set  is  a  330-MW  tandem 
compound,  four-flow  type  with  exciter,  station  bus,  control  cubicles, 
and  350-MVA  generator  transformer.  All  units  except  the  transformer  are 
located  inside  the  generator  building.  A  30-psi  hydrogen  system  provides 
cooling  for  the  generator.  Forced-feed  lubrication  of  the  turbo-genera¬ 
tor  set  is  provided  by  an  oil  pump. 

•  Transmission  System  -  Free-standing  110-kV  steel  transmission  towers  are 
arranged  in  a  network  system.  Substations  are  also  included  in  this  sys¬ 
tem  and  consist  of  four  single-phase,  step-down  transformers  (three  in 
use  and  one  standby)  with  four  circuit  breakers  and  appropriate  bus  struc¬ 
tures  (five  disconnects  per  transformer). 

•  Distribution  System  -  Free-standing  wooden  utility  poles  carry  12-kV 
lines*,  with  ten  50-kVA  transformers  per  circuit  mile  ol  distribution. 


* 


One  12-kV  circuit  consists  of  three  bare  conductors;  insulated  conductors  are 
commonly  used  only  in  underground  service  or  in  low  voltage  and  service  con¬ 
nections  to  consumers. 
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CRITICAL  ELEMENTS 


One  of  the  goals  of  this  study  was  to  determine  the  relative  importance 
of  each  utility  system  component  in  terms  of  its  contribution  to  the  functioning 
of  the  system.  This  effort  is  germane  to  the  realistic  evaluation  of  sub¬ 
sequent  repair  requirements,  both  in  terms  of  the  amount  of  repair  effort 
involved  and  the  scheduling  of  these  repairs.  With  such  information,  it  is 
possible  to  avoid  repairing  any  components  that  do  not  contribute  significantly 
to  the  system’s  principal  oostattack  function  (i.e.,  that  of  providing  gas  or 
electricity).  Accordingly,  the  Junctional  contribution  of  each  element  was 
carefully  examined,  then  its  "criticality'  was  rated  in  terms  of  the  following 
class i f icat ions : 


CRITICAL 

E 


Loss  of  element  would  result  in  a  loss  of  more  thau  10-percent 
of  the  design  capacity.  The  cause  of  this  reductiin  in  capacity 
might  be  due  to  operational  limitations  or  a  degrad ’tion  of 
the  system’s  safety  or  reliability.' 


SEMI  - 
CRITICAL 


Operation  without  element  would  result  in  a  loss  of  less  than 
10  percent  of  design  capacity.  The  safety  or  reliability  of 
the  system  might  be  degraded  somewhat,  but  not  seriously. 
Conversion  of  the  system  to  operate  without  this  element  would 
require  a  significant  expenditure  of  manpower  and'or  materials. 


NON¬ 
CE  IT  I  CAL 


Operation  without  element,  would  result  in  a  loss  of  less  than 
10  percent  of  design  capacity.  The  safety  or  reliability  of 
the  system  might  be  degraded  somewhat,  but  not  seriously. 
Conversion  of  the  system  to  operate  without  this  element  would 
not  require  any  significant  expenditure  of  manpower  and/or 
materials . 


These  ratings  are  used  in  Figs.  3  and  4. 


Those  elements  rated  as  "non-critical" 


are  identified  as  such  but  receive  no  further  consideration  in  this  report. 


DAMAGE  ESTIMATES 


Critical  and  semi-critical  elements  of  the  utility  systems  were  examined 
to  determine  the  extent  and  nature  of  damage  they  would  receive  as  a  result 
of  nuclear  attack.  The  purpose  of  these  damage  estimates  was  to  establish  a 
quantitative  relationship  between  given  levels  of  damage  and  the  overpressure 
at  which  such  damage  would  occur.  This  information  was  subsequently  combined 
with  information  relating  damage  to  the  repair  effort  required  for  restoration, 
the  result  being  a  relationship  between  overpressure  and  repair  requirements. 
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APPENDIX 

NUMBER 

SUBSYSTEM 

CRITICAL 

ELEMENT 

CRITI¬ 

CALITY 

FATING 

IN 

sub¬ 

system 

IS) 

First-stage  pressure 
regulators 

m 

G-*a 

■> 

Coapressed  air  supply  ay stes 

co 

C-lb 

1 

Second  stage  pressure 
regulators 

co 

G-2 

•y 

Orifice-type  floe  ee  ter* 

CO 

G-3 

2 

Odorlzatlon  facility 

CO 

C-4 

1 

Control  and  dispatching 
facilities 

<n«o 

G-5 

City-Cate  Station 

Flrsr-stage  pressure 
relief  valves 

OD 

r-6 

2 

Second-stage  pressure 
relief  valves 

GD 

G-‘ 

2 

Office,  dispatch,  and 
control  building 

no 

G-8 

1 

Gas  filtering  and 
cleaning  facilities 

CSD 

G-9 

Oil  fogging  facilities 

CD 

G-l  0 

Humidification  facilities 

<  j£l> 

G-ll 

Strainer 

(  sc  J 

G-l  5 

1 

District  Regulator  Station 

Pressure  regulator 

CO 

G-16 

1 

Press*.. re  relief  valve 

f  sc  ) 

G— 17 

LP-gas  storage  tanks 

CO 

G-12a 

*7 

Peak  Shave  Plant 

Vaporizer-mixer  units 

CO 

G-i2b 

2 

Surge  tank 

CO 

G-12o 

Coapresaor-priae  rover 
assemblies 

CO 

0-1 8a 

_ 

J 

Diatribution  Compressor 
Station 

Major  riping  and  valving 
ays tea 

CO 

G-l  8b 

1 

Electrical  control  ayatrxs 

CO 

G-l  8c 

3 

Cooling  to*or 

m 

G-18d 

1 

Prefao  steel  building 

CIO 

G-l  8c 

1 

Domestic  Service 
(«/  reg) 

Service  regulator 

UJ 

0-13« 

1 

Service  meter 

CD 

G-l -la 

3 

Doaeatic  Service 
(w/o  reg) 

Service  meter 

no 

C-Ui 

1 

Commercial  Service 

Service  regulator 

CO 

G-l  3a 

1 

{»/  reg) 

Service  meter 

f  sc  ' 

3-Hb 

5 

Commercial  Service 
(w/o  reg) 

Service  oeter 

C_sc_) 

C—  1 4  b 

3 

Light  Industrial  Service 

Service  regulator 

CO 

G-23*> 

* 

<»/  reg) 

Serlco  oetcr 

C  SC  J 

G-l  4< 

1 

Lig  it  Industrial  Service 
<*/o  reg) 

Service  meter 

CD 

C-14c 

l 

Service  regulator 

CO 

G-l  3b 

1 

Service  meter 

C  SC  J 

0- 1  *5d 

1 

Heavy  Industrial  Service 
(t*o- stage  reg) 

Strainer 

(  -SC  J 

r— 15 

Pressure  regulator 

m 

G-  36 

» 

Pressure  relief  valve 

<,  s.c  J 

G  1  7 

1 

Heavy  Industrial  Service 

Service  regulator 

CO 

G-  13b 

; 

(single-stage  reg) 

Service  Bet***- 

CD 

G-i4ci 

: 

SOURCE:  Kennedy  Engine*!  s 


Fig.  3. 


Typical  Gas  Utility 


System  Elements 
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NUMBER 

SUBSYSTEM 

CRITICAL 

ELEMENT 

CRITI¬ 

CALITY 

RATING 

TO 

APPENDIX 

A 

IN 

SUB¬ 

SYSTEM 

(N) 

Coal  conveyor  systems 

i  c  1 

E-l 

1 

Coal  Hand! lng 

Rotnry  car  dumps 

C  SC  J 

E-l 

1 

Coal  pulverizers 

1  c  1 

E-2 

8 

Air  heaters 

C  sc  j 

E-3a 

2 

Soot  blowers 

i  sc  3 

E-3a 

50 

Dust  collectors 

t  sc  ) 

E-3b 

2 

Hot  air  ducts  and  flues 

m 

E-3b 

1 

Boiler 

Boiler 

co 

E-4 

1 

Forced-draft  fans 

m 

E-5 

2 

Feedwater  pumps 

m 

E-7 

2 

Deaerator 

c  sc 

E-  7 

1 

Feedwater  heaters 

CO 

E-7 

6 

Cooling  water  intake 

CO 

E-6a 

1 

Cooling  Water 

Condenser 

m 

E-6a 

1 

Kot-well  pumps 

CO 

E-6b 

2 

Turbogenerator  assembly 

CO 

E-8 

1 

Lubricating  oil  system 

LcJ 

E-8 

1 

Hydrogen  cooling  system 

nn 

E-8 

1 

Turbogenerator 

Exciter  unit 

CO 

E-9 

1 

Station  auxiliary  bus 

CO 

E-9 

1 

Metering,  protection,  and 
control  modules 

m 

E-10 

45 

Bus  structure 

t  SC  J 

E-ll 

1 

Circuit  breaker 

C  SC  J 

E-ll 

1 

Transmission  Substation 

Transmission  transformer 

»  C  1 

E-  12s 

1 

Control  system 

(  NC  > 

E-l  2c 

1 

Transmission  line  and  towers 

CO 

E-13 

Bus  structure 

(  SC  J 

E-ll 

1 

Distribution  Substation 

Circuit  breaker 

(  sc  J 

E-ll 

1 

Distribution  substation 

CO 

E-12b 

transformer 

Distribution  line 

LcJ 

£-14 

Distribution 

Power  poles 

i  c  i 

E-14 

Transformers  (pole  mounted) 

L-Cj 

E-14 

10/raile 

Service  drops 

CIO 

E-14 

200/mile 

SOURCE:  Beamer/Wilkinson 

Fig.  4.  Typical  Electric  Utility  System  Elements 
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Approach 

The  damage  to  specific  utility  elements  was  estimated  using  the  following 
approach: 

•  Delineation  of  the  specific  design  characteristics  and  function  of  each 
element,  and  establ ishment  of  the  general  installation  practices  for 
each  element. 

•  Relating  the  failure  mode  predictions  for  each  element  to  several  levels 
of  damage  (i.e.,  light,  medium  and  heavy),*  using  past  research  (Refs. 
1-4,  14-16,  38  and  19),  calculations,  and  engineering  judgement. 

•  Relating  all  weapon  effects  to  the  corresponding  overpressure  levels 
(i.e.,  the  diffraction  phase  of  the  blast  wave). 

The  damage  estimates  prepared  in  this  study  were  directed  toward  specific 
pieces  of  equipment  that  we  considered  to  be  typical  of  actual  installed  sys¬ 
tems.  Similar  (and  even  functionally  equivalent)  equipment  supplied  by  a  differ¬ 
ent  manufacturer  or  made  from  a  different  material  might  re.  in  a  different 
manner  when  subjected  to  the  same  weapon  effects,  but  the  overall  effect  on  the 
repair  estimates  would  not  be  significant. 

Two  other  factors  affect  the  severity  of  damage  at  any  given  overpressure 
level:  the  directional  orientation  of  the  element  to  the  blast  wave  front  and 

the  proximity  of  the  element  to  other  components  or  structures.  Elements  of  the 
electric  distribution  systems  are  particularly  sensitive  to  directional  orienta¬ 
tion.  Lines  and  poles  oriented  parallel  to  the  blast  wave  front  are  cons idei ably 
more  vulnerable  than  those  oriented  toward  the  detonation.  Since  the  actual 
direction  of  installed  lines  varies  widely  even  within  a  single  system  and  the 
relative  direction  varies  markedly  with  changes  in  the  location  of  ground  zero, 
this  study  assumed  a  random  orientation  of  electric  distribution  poles. 

The  proximity  of  elements  to  other  components  or  stiuctures  affects  the 
severity  of  damage  resulting  from  both  missiles  and  reflected  overpressure.  Ko. 


Damage  was  assumed  to  be  produced  by  a  5-Mt  low  air  burst  with  all  over¬ 
pressures  in  the  Mach  region.  Although  a  rigorous  analysis  of  other  weapon 
yields  was  not  pursued  the  results  of  the  damage  estimations  should  be  ap¬ 
plicable  for  weapon  yields  in  the  low  megaton  range  (0.5  —  1«>  Ml). 


t  'n.''  p  f%  C\  /* 
tuo  UU  Z/—XJ 
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t hio  reason,  each  element's  assumed  location  (with  respect  to  being  aboveground 
or  belowground  or  indoors  or  outdoors,  but  not  with  respect  to  ocher  items  of 
equipment)  is  stated  in  the  Repair  Analysis  Sheets.  The  significance  of  missile 
damage  is  discussed  below.  Reflected  overpressure,  on  the  other  hand,  was 
not  examined  in  detail  due  to  a  lack  of  specific  information  regarding  equip¬ 
ment  location  relative  to  possible  blast-reflecting  surfaces. 


§1  1 


t* 


Results 


r 

[ 


Description  of  the  damage  for  each  critical  and  semicritical  element  is 
given  ir.  the  left  hand  column  of  the  Repair  Estimate  Sheets  (Appendix  A).  Pour 
weapon  effects,  overpressure,  dynamic  pressure,  missiles,  and  thermal  pulse, 
were  considered  as  contributing  to  damage;  the  findings  for  these  four  effects 
are,  in  brief,  as  follows; 

Overpressure  was  found  to  be  a  major  cause  of  damage  only  to  buildings; 
however,  in  some  instances  it  was  a  contributory  cause  cf  damage  to  above¬ 
ground  elements. 

Dynamic  pressure  was  found  to  be  a  major  cause  cf  damage  to  exposed  above- 
ground  elements.  Since  the  duration  of  drag  loading  from  the  1-  to  10-Mt 
weapon  yield  range  used  in  this  study  exceeds  the  natural  vibration  period 
of  any  of  th  drag-sensitive  elements,  the  elements'  failure  mode  was 
analyzed  by  means  of  a  static  loading  scheme. 

Missiles ,  caused  by  the  effects  of  overpressure  and  dynamic  pressure  on 
otherwise  stationary  objects,  were  found  to  contribute  significantly  to 
the  damage  of  nearly  all  aboveground  utility  system  elements.  Those  ele¬ 
ments  located  inside  buildings  or  in  relatively  built-up  areas  were 
damaged  primarily  by  missiles  generated  by  overpressure  effects.  Elements 
located  outdoors  in  less  built-up  areas  received  damage  from  missiles  pro- 
celled  by  the  drag  effects  of  the  dynamic  pressure. 

Thermal  pulse  was  found  to  cause  varying  but  relatively  insignificant 
damage  to  the  major  elements  of  the  gas  and  electric  utility  systems. 

Aside  from  possible  changes  in  the  dielectric  properties  of  transformer 
oil,  most  thermal  effects  were  limited  to  ancillary  components  (such  as 
the  weakening  of  copper  tubing  used  for  instrumentation  and  control).  ^  ; 

The  most  significant  effect  of  the  thermal  pulse  was  its  initiation  of  5*  » 

primary  ignitions  and  its  contribution  to  secondary  fires,  the  effects  j 

of  which  could  not  be  covered  in  detail  in  this  study.  J*  | 

-i*  j 

Three  weapon  effects,  electromagnetic  pulse  (EMP) ,  direct- induced  ground 
shock,  and  air -induced  ground  shock,  were  not  considered  with  respect  to  their  T  j 

Ih»  J 

effects  on  individual  critical  elements,  but  the  implication  of  these  effects  i 

I 

I  | 

i! 


* 


on  various  utility  subsystems  was  briefly  considered.  The  results  of  this 
cursory  examination  are  listed  below: 

Electromagnetic  pulse  is  considered  to  be  a  possible  detrimental  factor 
and  may  damage  the  electric  distribution  system  due  to  flashover  and 
short-circuiting  which  result  from  the  voltages  induced  in  conductors  as 
the  pulse  front  moves  past  the  conductors.  The  simultaneous  disruption 
of  power  and  control  circuitry  in  the  electrical  generating  system  might 
lead  to  severe  but  unpredictable  damage  to  generators,  turbines,  trans¬ 
formers,  circuit-breakers,  etc.  Although  a  detailed  analysis  of  these 
effects  was  beyond  the  scope  of  this  study,  we  suggest  that  further  re¬ 
search  might  well  be  directed  toward  establishing  and  evaluating  the 
physical  effects  of  the  electromagnetic  pulse  on  electric  utility  systems. 

Direct- induced  ground  shock  can  cause  damage  to  underground  lines  and  com¬ 
ponents  of  both  gas  and  electric  utility  systems,  the  degree  of  damage  fai¬ 
ling  off  rapidly  with  distance  from  ground  zero.  It  is  expected  that 
underground  components  will  receive  significant  damage  only  within  the  zone 
of  plastic  soil  movement.  Since  this  zone  is  relatively  small  and  would 
simultaneously  be  subjected  to  extremely  high  overpressure  and  thermal 
levels,  the  direct-induced  ground  shock  is  felt  to  be  of  minor  significance. 
However,  it  is  conceivable  that  at  greater  distances  ground  shock  could 
trip  certain  safety  devices  installed  in  utility  systems  for  the  purpose 
of  limiting  damage  from  earthquakes.  However,  additional  research  is 
necessary  to  establish  the  extent  of  the  problems  likely  to  be  created  by 
direct-induced  ground  shock. 

Air- induced  ground  shock  is  expected  to  cause  virtually  no  damage  to  under¬ 
ground  gas  and  electric  utility  installations  st  surface  overpressure 
levels  below  10  or  15  psi.  Above  this  level,  damage  is  expected  to  occur, 
its  severity  increasing  with  overpressure.  However,  after  review  of  the 
pertinent  literature  and  consultation  with  a  leading  soil  dynamicist 
(Ref.  20),  it  has  been  concluded  that  the  present  state  of  the  art  is  not 
sufficiently  advanced  to  allow  even  approximate  quantitative  prediction 
of  what  damage  would  result  from  given  overpressure  levels.  Several  fac¬ 
tors  combine  to  render  such  predictions  impossible  at  present: 

•  The  structural  properties  of  the  pipe  itself  are  unknown  and  cannot  be 
predicted  on  a  generalized  basis.  The  fact  that  pipe  which  has  been 
installed  for  a  long  period  of  time  is  subject  to  various  effects* 
which  significantly  alter  its  material  properties  precludes  any  struc¬ 
tural  analyses  based  upon  the  bending  of  a  homogeneous ,  elastic  member. 

•  The  manner  in  which  the  pipe  is  supported  is  unknown  and  cannot  be  pre¬ 
dicted.  The  soil  surrounding  and  underlying  the  pipe  is  far  from  homo¬ 
geneous,  it  may  contain  large  inclusions,  and  its  moisture  content  may 
vary  widely.  The  type  and  number  of  joints  in  the  pipe  affect  the  sup¬ 
port  pattern,  as  does  the  termination  of  the  pipe  at  a  building  or  man¬ 
hole  or  buried  valve. 


* 


Corrosion,  erosion,  crystalization ,  carbonization,  etc. 
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*  The  actual  loading  on  the  pipe  cannot  be  predicted  in  a  generalized 
manlier  since  it  depends  heavily  upon  numerous  specialized  local  con¬ 
siderations  (the  dynamic  response  characteristics  of  the  soil,  the 
depth  of  burial,  the  orientation  of  the  pipe  relative  to  the  direction 
of  the  blast  wave  front,  whether  the  pipe  is  located  beneath  pavement, 
etc.  ). 


These  and  numerous  other  factors  prevent  us  from  predicting  in  what  mode 
a  given  pipe  will  fail.  To  predict  at  what  overpressure  failure  would  occur 
is  even  more  remote  at  the  present  state  of  the  art. 


REPAIR  ANALYSIS 


Approach 


The  repair  effort  required  to  restore  a  given  component  of  the  damaged 
system  depends  heavily  upon  the  qualification  of  the  repair  crew  and  fhe  de¬ 
gree  of  restoration  (expressed  in  terms  of  the  level  of  system  performance  re¬ 
quired  after  repair). 

Recognizing  that  the  postattack  supply  of  skilled  manpower  may  be  rathf#r 
limited,  we  have  considered  two  levels  of  qualification  for  repair  crews: 

I.  All  repairs  would  be  performed  by  skilled  repair  personnel  using  the 
equipment,  supplied,  and  facilities  normally  available  under  preattack 
conditions. 

II.  Repairs  would  be  performed  by  crews  made  up  of  semi-skilled  person¬ 
nel.  Workers  skilled  in  utility  repair  or  similar  trades  would 
serve  in  a  supervisory  capacity  wherever  possible. 


Recognizing  that  different  elements  in  the  same  system  need  not  necessarily 
be  repaired  to  the  same  level  of  completeness  to  perform  properly,  we  nave  con¬ 
sidered  three  degrees  of  restoration  for  each  element: 

A.  The  repaired  system  would  be  virtually  identical  to  the  original  (pre¬ 
attack)  system  from  the  standpoints  of  design,  performance  capabilities, 
operational  requirements,  reliability,  safety,  and  longevity. 

B.  The  repaired  system  would  provide  at  least  90  percent  of  the  preattack 
design  performance,  but  might  not  incorporate  the  same  design,  require 
the  same  operational  inputs  (manpower,  energy,  or  materials),  or  pro¬ 
vide  the  same  longevity. 
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C.  The  repaired  system  would  be  an  expedient,  directed  toward  providing 
a  maximum  level  oi  performance  per  unit  repair  effort  expended. 

Output  would  generally  be  at  least  30  percent  of  design  capacity. 

System  efficiency,  ease  of  maintenance  anc  operation,  reliability, 
and  safety  may  be  significantly  degraded. 

Repair  estimates  for  each  combination  of  repair  crew  qualification  (i.e.  , 

I  and  II)  and  each  level  of  repair  completeness(i.e. ,  A,  B,  and  C)  were 
prepared.  The  following  basic  assumptions  were  made  (more  specific  information 
appears  in  the  Repair  Analysis  Sheets  in  Appendix  A) : 

JC 

•  No  unusual  environmental  conditions  are  present  to  interfere  with  the 
repairs. 

•  Spare  parts;  materials,  equipment,  and  special  facilities  are  available 
immediately  unless  noted  otherwise. 

•  Travel  times  to,  from,  and  between  repair  sites  are  not  included. 

•  Time  has  been  allowed  for  the  field  testing  of  each  repaired  element 
but  not  for  testing  the  entire  system  following  repair. 

•  The  values  given  for  repair  effort  do  not  include  the  time  spent  by 
supervisory  personnel  above  the  level  of  "foreman. " 

The  limitations  associated  with  the  repair  estimates  are  related  to  three 
factors:  specific  equipment,  equipment  location,  and  manpower.  The  repair 
estimates  have  been  based  on  specific  equipment  that  was  judged  typical; 
however,  equipment  of  different  size  or  equipment  made  by  other  manufacturers 
could  require  a  somewhat  different  repair  effort.  The  location  of  specific 
utility  elements  relative  to  other  elements  in  a  system  is  a  factor  because 
travel  time  to  and  from  the  job  sites  (or  between  elements)  to  accomplish  repair 
was  not  considered  in  the  overall  repair  estimates.  This  analysis  looked  at 
two  levels  of  labor  skills  to  perform  the  estimated  repair:  work  performed 
completely  by  skilled  labor  and  work  performed  mainly  bv  semi-skilled  labor 
with  some  skilled  supervision.  This  latter  category  usually  required  two  to 
three  times  the  effort  to  repair  an  element  as  did  the  skilled  labor  group, 


*  Inclement  weather,  frozen  soil,  flooding,  high  groundwater  table,  fallout 
radiation,  fires,  or  remote  or  inaccessible  location. 


* 
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where  a  low  level  of  repair  effort  is  indicated,  this  factor  would  probably 
be  accurate  if  not  on  the  conservative  side;  however,  with  jobs  that  might 
last  upwards  of  200  to  300  days,  it  is  realized  that  the  semi-skilled  labor 
would  gradually  become  skilled  in  the  particular  jobs  they  were  performing 
and  would  thereby  increase  their  repair  rate  considerably.  Because  this 
learning  factor  is  difficult  to  estimate,  it  has  been  ignored  in  this  analysis. 
One  final  factor  affecting  the  repair  estimates,  is  that  repair  effort  has 
been  based  on  predicted  damage  to  an  element;  therefore,  any  factor  that  would 
change  the  damage  estimates  would  consequently  influence  a  change  in  the  repair 
estimates. 

Results 


The  results  of  the  repair  analyses  appear  in  tabular  form  in  the  Repair 
Analysis  Sheets  in  Appendix  A.  Both  damage  and  repair  estimates  are  keyed 
to  overpressure,  with  other  weapon  effects  cited  specifically  as  they  apply. 

Generally,  the  repair  effort  required  to  restore  the  system  is  highest 
for  the  "A"  mode  and  lowest  for  the  "c"  mode  (as  would  be  expected) .  In 
several  cases,  however,  the  "b"  mode  requires  more  effort  than  "A. "  This 
occurs  where  it  was  assumed  for  the  "a"  mode  that  the  damaged  element  was 
replaced  by  a  new,  factory-built  element,  whereas  ”b"  involved  repairing  the 
damaged  element  or  even  fabricating  a  substitute  for  it. 

It  should  be  noted  that  there  is  an  inverse  relationship  between  the 

need  for  skilled  labor  and  the  need  for  special  repair  parts.  In  cases  where 

common  repair  parts  are  unavailable  or  in  short  supply,  the  actual  repair 

techniques  employed  might  require  a  higher  degree  of  skill  from  the  workers. 

For  example,  leaking  pipes  could  be  repaired  by  bolting  special  rubber-lined 

flanged  clamps  over  the  breaks,  a  task  easily  performed  by  any  worker  having 

only  minimal  skills.  In  the  absence  of  such  special  clamps,  only  a  skilled 
* 

welder  would  be  able  to  repair  the  break.  This  sort  of  inverse  relationship 
applies  in  varying  degree  to  both  the  gas  and  the  electric  utilities.  Aside 
from  being  recognized  and  cited  here,  it  was  given  no  further  consideration  in 
this  report  due  to  its  complex  nature. 


*  i.e.,  a  welder  familar  with  both  welding  techniques  and  their  use  in  the  face 
of  escaping  gas. 
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The  assumption  that  spare  parts,  materials,  and  equipment  will  be 

available  as  needed  in  the  disrupted  postattack  perioc  raises  certain 

difficulties.  Even  under  peacetime  conditions,  many  items  have  procurement 

le2d  times  of  6  weeks  to  24  months  (Ref.  21) .  The  reasons  for  such  delays 

are  numerous  but  are  generally  related  to  the  fact  that  the  balance  between 

* 

supply  and  demand  is  difficult  to  achieve.  In  certain  industries,  this  has 
led  to  a  high  degree  of  specialization  and  dependence  upon  a  few  suppliers. 
During  the  postattack  period,  the  demand  for  many  items  would  be  staggering. 

The  ability  to  meet  the  oemand  might  well  be  hopelessly  hampered  by  the  reduced 
availability  of  raw  materials,  personnel,  power,  and  the  disruption  of  both 
communications  and  transportation.  Although  we  have  recognized  the  effect 
this  reduced  availability  of  resources  has  on  the  validity  of  this  utility 
repair  study,  we  are  only  able  to  cite  it,  since  its  quantification  is  clearly 
beyond  the  scope  of  the  study.  The  particular  portion  of  the  study  most 
seriously  affected  would  be  the  repair  schedule  (Section  6) . 

The  use  of  communications  is  extremely  important  in  controlling  operations 

between  various  facilities  within  relatively  large,  metropolitan  gas  or  electric 

** 

utility  systems.  The  loss  of  an  effective  communications  system  would  impose 
a  severe  constraint  on  a  utility’s  ability  to  restore  operations.  Although  it 
was  beyond  the  scope  of  this  study  to  quantitatively  define  the  extent  of  a 
communications  constraint  (an  SRI  report  -  Ref.  23,  discusses  the  role  of 
communications  in  civil  defense),  some  general  effects  can  be  qualitatively 
delineated  for  each  utility. 

•  Gas  utility  -  If  gas  storage  and  peak-shave  facilities  are  lost, 

communications  are  vital  in  dispatching  gas.  Without  communications 
to  regulate  transmission  gas  flow,  it  would  be  extremely  difficult  to 
provide  steady  pressures  and  flow  rates  throughout  a  relatively  large 
system.  In  a  small  system,  communications  are  not  generally  as 
important. 


*  Demand  does  tend  to  regulate  the  supply,  but  a  long  lead  time  is  required  for 
large  items  because  they  are  normally  not  designed,  much  less  manufactured, 
until  ordered.  Following  nuclear  attack,  when  massive  repair  efforts  would 
be  required,  it  is  probable  that  available  manufacturing  capacity  (even  by 
preattack  standards)  could  provide  only  a  small  fraction  of  the  required 
long-lead-time  supplies. 

**  Distribution  and  dispatching  centers  maybe  tied  together  bv  any  combination  of 
the  following  utility  owned  independent  communications  systems:  leased 
telephone  wire,  utility-owned  telephone,  microwave  transmitters,  and  utility- 
owned  two-way  radios  (many  of  which  are  limited  to  units  in  mobile  repair 
vehicles).  In  addition,  many  electric  utilities  can  transmit  voice  messages 
over  power  lines. 


t 
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•  Electric  utilities  -  Communications  are  used  in  the  electrical  system 
to  regulate  variable  load  conditions.  Without  communications, 
dispatching  centers  would  be  hard  pressed  to  shift  the  load  where 
required.  Also,  re-establishing  interties  would  be  extremely  difficult. 
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Section  4 

DEVELOPMENT  OF  A  REPAIR  MODEL 

The  output  of  the  basic  utility  analysis  produced  .'".any  data  relating 
damage  to  repair  effort  required.  These  data  (presented  in  Appendix  A) , 
although  useful  for  specific  components,  are  in  a  somewhat  awkward  form  for 
use  for  analyzing  systems  or  subsystems.  Therefore,  a  means  of  expressing 
these  data  in  a  form  more  convenient  and  easier  to  handle  was  sought  and  led 
to  the  development  of  a  mathematical  model  which  relates  weapon  effects 
(expressed  in  terms  of  overpressure  level)  to  the  subsequent  repair  effort. 

The  mathematical  model  also  serves  another  purpose,  viz.,  the  smoothing  out 
of  irregularities  in  the  data,  thereby  providing  more  consistent  repair 
estimates. 

A  preliminary  analysis  of  the  repair  estimates  indicated  that  the 

* 

relationship  between  repair  effort  and  overpressure  could  best  be  expressed 
as  an  exponential  function.  After  consultation  with  Dr.  Aim  McMasters 
(Ref.  22)  an  expression  for  repair  effort  as  a  function  of  overpressure  level 
was  derived: 

R  =  L  [l-e-K<P-»] 

where: 

R  =  repair  effort  (man-days) 

L  =  maximum  repair  effort  (man-days) 
p  =  overpressure  (psi) 

X  =  lowest  overpressure  at  which  damage  occurs  (psi) 
K  =  empirical  constant  for  a  given  subsystem 


*  As  mentioned  in  Section  3,  all  weapon  effects  considered  (overpressure, 
dynamic  pressure,  missiles  and  thermal  pulse)  have  been  related  to  one 
effect:  overpressure.  Hence,  even  though  overpressure  is  the  index 
used,  all  effects  which  contribute  to  damage  to  a  given  component  are 
implicit  in  this  index. 


* 
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he  equation  is  applicable  to  individual  components,  but  since  tne 
goal  of  the  model  was  to  reduce  the  number  and  complexity  of  the  repair 
analysis,  attention  was  directed  to  subsystems.  Accordingly,  repair  estimates 
were  prepared  for  each  subsystem,  as  defined  in  Figs.  3  and  4,  ueing  the 
number  of  components  (N)  listed.  Results  for  the  gas  utility's  city-gate 
station  (from  data  in  Tables  G-la  through  G-8,  in  Appendix  A)  are  shown  in 
Fig.  5.  The  repair  curves  (prepared  by  drawing  straight  lines  between  each 
data  point)  are  shown  as  fine  lines,  and  the  composite  curve,  i.e.,  the  gas 
compressor  subsystem,  resulting  from  the  addition  of  the  repair  effort  for 
the  components  comprising  the  subsystem,  is  shown  as  the  heavy  line.  The 
manner  in  which  the  equation  "fits"  the  composite  curve  is  shown  in  Fig.  6. 
This  fit,  which  is  typical  of  most  cases,  is  remarkably  good.  Deviations 
of  the  model  from  the  data  do  occur,  particularly  at  the  lower  end  of  the 
cur\'e,  but  considering  the  overall  reliability  of  the  data  themselves,  the 
model  is  considered  to  be  a  generally  acceptable  expression  for  repair  effort. 

A  similar  procedure  was  used  to  develop  curves  for  each  of  the  subsystems 
in  the  gas  and  electric  utilities.  Rather  than  reproducing  a  number  of  such 
curves,  we  have  listed  the  controlling  parameters,  L,  K,  and  X,  in  Tables 
1  and  2  for  three  repair  modes  and  two  types  of  labor  force  (as  discussed  in 
Section  3).  It  was  found  that  only  L  varied  for  each  individual  case 
considered,  with  K  and  X  remaining  constant  for  a  given  subsystem. 


REPAIR  EFFORT,  R  (Monkour*) 


EXAMPLE:  City  Gate  Station 


SOURCE:  URS  Corporation 


Fig.  5.  Derivation  of  a 


COMPOSITE  REPAIR  CURVE 


KEY  TO 
APPENDIX  A 


NUMBER  OF 
COMPONENTS 


1,  G-8 


i 


2.  G-7 
2,  G-3 
2,  G-6 


Repair  Curve 


EXAMPLE:  CITY  GATE  STATION 


SOURCE:  URS  Corporation 


Fig.  6.  Mathematical  Curve  Fitted  to  Composite  Repair  Curve 
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Table  1 

MATHEMATICAL  MODEL:  CAS  UTILITY  SYSTEM 


R  =  L  [l  -  e-K(»  ‘  X)] 

R  =  Repair  effort  (man-hr) 
p  =  Overpressure  (psi) 


SUBSYSTEM 

L 

(man- 

hr) 

IA 

IB 

IC 

IIB 

IIC 

CITY 

680 

500 

950 

\ 

K 

.55 

680 

1200 

GATE 

1 

X 

~ 

1 

DISTRICT 

31 

32 

33 

62 

59 

/ 

K 

_ 

.90 

< 

2.75 

REGULATOR 

1 

X 

PEAK 

220 

140 

310 

340 

( 

K 

■ 

.  50 

180 

) 

SHAVE 

X 

1 

(drops  to  j 

R  = 

0  at 

P  = 

5) 

DISTRIBUTION  COMPRESSOR 

5000 

4600 

3900 

7400 

6600 

f 

K 

= 

.11 

STATION 

\ 

X 

1 

DOMESTIC  SERVICE 

2.0 

3.75 

J 

\ 

K 

= 

2 

*£  *  0 

2.0 

3 . 5 

X 

(w/  reg) 

l 

= 

4 

DOMESTIC  SERVICE 

1.0 

1.0 

1.75 

( 

K 

2 

1.0 

2.0 

) 

fw/o  reg) 

X 

= 

4 

COMMERCIAL  SERVICE 

f 

l 

K 

— 

2 

(w/  reg) 

13 

13 

5.0 

22 

8.0 

X 

= 

4 

COMMERCIAL  SERVICE 

12 

12 

20 

6.0 

t 

i 

> 

K 

_ 

2 

4.0 

(w/o  reg) 

X 

= 

4 

LIGliT  IND  SERVICE 

28 

28 

24 

52 

48 

j 

K 

= 

.70 

(w/  reg) 

X 

- 

6 

LIGHT  IND  SERVICE 

12 

12 

8.0 

16 

I 

K 

_ 

2 

22 

1 

(w/o  reg) 

X 

7 

HEAVY  IND  SERVICE 
(single-stage  reg) 

32 

32 

23 

62 

44 

f 

) 

K 

- 

.50 

X 

= 

3 

HEAVY  IND  SERVICE 

64 

64 

58 

12-1 

108 

i 

K 

= 

.  50 

(two-stage  reg) 

1 

X 

— 

2.5 

SOURCE:  URS  Corporation 
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Section  5 

REPAIR  EFFORT  FOR  A  TYPICAL  CITY 

The  repair  model  described  in  Section  4  provides  a  means  of  predicting 
repair  requirements  on  a  subsystem-by-su’Jsystero  basis.  However,  to  ascertain 
the  true  impact  of  a  nuclear  attack  on  a  utility,  it  would  be  necessary  to 
analyze  „n  entire  utility  system.  This  approach  would  reveal  the  interdependency 
of  the  various  subsystems  and  their  relative  importance.  A  real  utility  system 
in  a  real  city  would  have  been  used  for  this  analysis  had  sufficient  data  been 
available.  However,  since  this  was  not  the  case,  a  hypothetical  or  ’’typical’* 
city  with  ’’typical”  utility  systems  was  synthesized.  This  approach  has  the 
additional  advantage  o.  avoiding  many  of  the  atypical  characteristics  found 
in  any  real  city.  Using  available  information  on  municipalities  and  "rules 
of  thumb,"  typical  utility  systems  were  constructed  (in  terms  of  how  many  of 
each  type  of  subsystem  is  present)  for  the  typical  city.  The  model  was  then 
used  to  determine  what  repair  effort  would  be  required  to  restore  service. 

The  typical  city  used  for  analysis  is  assumed  to  have  a  population  of 
400,000  and  cover  an  area  of  100  square  miles.  Characteristics  of  the  gas  and 
electric  utility  systems  serving  the  typical  city  are  described  in  Tables  3  and  4 
respectively. 

APPROACH 

The  repair  analysis  of  the  typical  city's  gas  and  electric  utilities 
drew  upon  the  mathematical  model  prepared  earlier  for  the  various  subsystems 
(Tables  1  and  2) .  Repair  effort  values  corresponding  to  various  overpressure 
levels  were  calculated,  multiplied  by  the  appropriate  number  of  subsystems 
involved,  and  summed  to  give  the  total  repair  effort  required  at  that  over¬ 
pressure,  The  T-B  repair  mode,  i.e.,  skilled  workers  restore  the  damaged  system 
to  just  r.hort  of  its  initial  capacity,  was  selected  for  this  analysis,  even  though 
it  was  recognized  that  the  choice  was  optimistic.  That  is,  in  many  cases  skilled 
manpower  would  be  in  short  supply  and  in  other  cases  restoration  to  only  an 
expedient  level  would  suffice.  The  skilled  labor  category  (mode  I)  was  chosen 
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Table  3 

TYPICAL  CITY  GAS  UTILITY 


10-city  gate  stations  (or  equivalent) 

150-district  regulator  stations 

6-peak  shave  plants  (LP-air;  50,000  cfh  capacity 
each) 

1600-circuit  miles  of  distribution  and  service  mains: 
Distribution  mains:  2'  to  S"  for  60  to  150  psig 


Service  mains: 


2  te  3  for  5  to  60  psig 


8"  to  24"  for  8  in.  w.c. 


140, 000-domes  tic  services  (98 t 000  w/o  regulation.) 
10,200-comnjercial  services  (7,000  w/o  regulation) 

650-light  industrial  services  (340  v,/o  regulation) 


115-heavy  industrial  services  (1C-0  single-stage 

regulation  only) 


Average  Demand: 


5  million  cfh  (summer) 
10  million  cfh  (winter) 


SOURCE:  Kennedy  Engineers 
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Table  4 

TYPICAL  CITY  ELECTRICAL  UTILITY 


1-steam  generating  station  (two  300  MW  turbo-generators 

and  appropriately  sized 
ancillary  equipment) 

1-switchyard  substation  (located  adjacent  to  generating 

station) 

980-circuit  miles  of  12  kV  distribution  system 
160,000  residential  services 
13,000  commercial  services 
1,000  light  industrial  services 
120  heavy  industrial  services 

80-circuit  ,  iles  of  transmission  line  (ring  plus  partial 

network) 

40  miles  -  110  kV 
20  miles  -  69  kV 

20  miles  -  34  kV 

28-substations  (with  4  single-phase  transformers  each) 

8  -  110  kV  to  12  kV 
10  -  69  kV  to  12  kV 

10  -  34  kV  to  12  kV 


SOURCE:  Beamer/Wilkinson 
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in  preference  to  alternate  labor  category  (mode  II)  because  wot  king  times 

more  predictable  when  using  known  skills.  Repairing  a  utility  sya'em  la 

"a"  level  (preattack  design  and  capacity)  was  regarded  ua  being  rat  he:  ae 

due  to  probable  resource  shortages  and  time  constraints,  while  repairing. 

system  to  the  "c"  level  was  rejected  because  it  causes  major  degradation 

system  operations  and  would  probably  only  be  used  on  some  elements  on  a 

* 

temporary  basis. 


are 

the 

ademi 

the 

to 
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A  parametric  approach  was  used  to  test:  the  effects  of  various  damage 
levels  on  the  typical  city.  In  this  parametric  s*udy  it  was  assumed  that  all 
subsystems  comprising  tne  utility  system  within  the  typical  city  were-  subjected 
to  the  same  overpressure,  e.g.,  the  generating,  transmission  and  distribution 
subsystems  would  all  experience  a  simultaneous  overpressure  of  4  pi  A  number 
of  overpressure  levels  encompassing  the  range  from  1  tc  25  psi  were  examined  in 
this  fashion.  The  parametric  approach  (rather  than  an  approach  using  a  specific 
weapon  at  a  specific  location)  permits  easier  comparison  of  the  relative 
’hardness"  of  each  subsystem  and  clarifies  the  interrelationship  between 
subsystems.  The  results  could,  with  some  additional  manipulation,  be  used 
to  prepare  repair  estimates  for  other  situations,  either  real  or  simulated. 


RESULTS 

The  results  of  the  typical  city  repair  analyses  for  gas  ana  electric 
utilities  appear  in  Figs.  7  and  8  respectively.  From  these  plots,  it  is  apparent 
that  the  major  repair  requirements  are  generated  by  residential  distribution 
for  both  the  gas  and  electric  utilities.  This  would  be  expected,  considering 
the  predominance  of  individual  dwelling  units  in  any  community.  The  commercial 
and  industrial  distribution  subsystems,  primarily  because  they  serve  "ewer 
consumers,  do  not  present  as  large  a  repair  problem  as  does  residential 
distribution.  Some  caution  should  be  exercised  in  interpreting  these  results, 
since  all  repair  estimates  were  prepared  on  the  assumption  that  the  city’s 
postattack  demand  for  gas  and  electric  power  would  be  essentially  equal  to  its 


*  The  repair  effort  for  any  mode  could,  of  course,  be  calculated  using  the 
appropriate  inputs  for  the  mathematical  model. 


REPAIR  EFFORT  (man  days) 


uno  t»o»-o 


4500 


4000 


3500 


3000 


Fi 


Comparison  ol  Repair  Requirements,  Mode  IB 
System  for  ’Typical"  Citv 


for  Gas 
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preattack  demands.  Although  the  scope  of  this  study  precluded  consideration 
of  how  demand  might  change  with  the  attack,  we  believe  that  postattack  repair 
requirements  would  generally  be  significantly  smaller  than  those  predicted  in 
terms  of  preattack  demand  figures.  Because  of  the  several  unknown  factors 
involved,  we  strongly  recommend  that  further  research  be  directed  toward 
evaluating  the  effc  ,t  that  variations  in  demand  would  have  on  the  repair 
requirements . 

As  can  be  seen  by  comparing  Figs.  7  and  8,  the  electric  utility  presents 
a  much  greater  repair  problem  than  does  the  gas  utility;  for  example,  at  6 
psi  (an  overpressure  at  which  reconstruction,  rather  than  abandonment,  of  an 
area  is  feasible)  the  total  repair  effort  for  the  gas  utility  is  3,690  man-days 
and  for  the  electric  utility  254,000  man-days.  The  repair  effort  for  the 
electric  utility  (again  at  6  psi)  could  be  decreased  drastically  (some  55 
percent)  if  no  attempt  were  made  to  serve  residential  consumers.  Repair  of 
the  generating  system,  which  represents  less  th2n  11  percent  of  the  total 
repair  effort  at  6  psi,  could  probably  be  deferred  or  averted  by  using  power 
imported  from  other  locations.  However,  repair  of  the  transmission  system 
and  a  portion  of  the  distribution  system  (approximately  20  percent  of  the 
total  repair  at  6  psi)  would  be  unavoidable  if  any  degree  of  system 
restoration  were  attempted. 
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Section  6 

TIME-PHASED  REPAIR  ANALYSIS 


The  time-phased  repair  analysis,  described  in  this  section,  was  performed 
to  determine  repair  requirements  in  terms  of  both  man-hours  and  manpower  skill 
classification.  It  also  provided  information  on  the  number  of  workers  which 
would  be  required  during  any  given  work  period  (work  periods  are  defined  here 
as  being  8-hour  shifts)  and  how  these  skills  would  be  scheduled  throughout 
the  course  of  the  repair  program. 

For  simplicity,  the  time-phased  repair  analyses  considered  only  two  over¬ 
pressure  levels  (4  and  9  psi)  and  only  the  1-B  repair  mode  (i.e.,  skilled 
workers  would  restore  the  damaged  systems  to  just  short  of  their  original 
condition) . 

APPROACH 

The  Repair  Analysis  Sheets  (Appendix  A)  and  the  mathematical  model  for 
the  typical  city,  together  with  the  experienced  judgement  of  our  consultants, 
provided  the  basis  for  scheduling  repairs  with  respect  to  time  and  manpower 
skill.  It  was  necessary  to  balance  such  factors  as  crew  size,  w-orking  space, 
type  of  repair,  equipment  requirements,  and  job  completion  time  to  arrive  at 
realistic  schedules  for  performing  utility  system  repairs.  For  the  electric 
utility  system,  all  major  subsystems  (i.e.,  generation,  transmission,  and 
distribution)  were  considered  in  the  time-phased  repair  analysis.  However, 
for  the  gas  utility  system  only  centralized  subsystems  (i.e.,  city  gate  stations, 
district  regulator  stations,  peak  shave  plant,  and  compressor  stations)  were 
considered;  distribution  subsystems  (i.e.,  underground  pipes  and  service 
installations)  were  not  included.  The  gas  distribution  subsystem  was  not 
considered  (although  presenting  a  major  repair  requirement  at  higher  overpressures 
see  Fig.  7)  because  such  repair  as  would  be  required—  primarily  repair  of  broken 
service  connections  -is  most  appropriately  considered  as  a  part  of  building  repair 


cr  reconstruction. 
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Again  a  condition  of  uniform  overpressures  throughout  the  utility  system 
was  assumed.  For  comparative  purposes  two  overpressure  levels,  4  psi  and  9  psi, 
which  represent  the  range  of  damage  levels  for  the  subsystems  involved,  were 
considered. 

RESULTS 

Figures  9  through  12  present  the  work  schedules  on  a  major -subsystem  basis 

for  the  gas  and  electric  utilities  at  4  and  9  psi  overpressure.  Note  that  the 

figures  making  up  the  body  of  the  table  represent  the  number  of  men  (of  each 

manpower  skill  classification)  required  during  any  given  work  period.  Presenting 

the  scheduling  on  a  major-subsystem  basis  provides  a  basis  for  determining 

* 

whether  a  given  subsystem  warrants  repair  or  should  be  bypassed. 

To  impart  a  greater  degree  of  flexibility  to  the  time-phased  repair  scheme, 
the  results  have  been  presented  as  the  total  number  of  8-hour  work  shifts  required 
for  each  labor  skill;  thus,  the  total  elapsed  time  required  to  repair  a  subsystem 
could  be  determined  by  deciding  how  many  work  shifts  per  day  could  be  worked. 
However,  using  more  than  one  shift  a  day  for  any  length  of  time  would  necessitate 
a  corresponding  increase  in  the  total  number  of  skilled  laborers  required.  The 
major  labor  constraints  associated  with  the  tike-phased  repair  sequences  for  the 
various  utility  subsystems  are  as  follows: 

•  Generating  plant:  (4  psi)  boiler  makers;  (9  psi)  boiler  makers  and 
steam  fitters. 

•  Transmission  system:  (4  psi)  linemen;  (9  psi)  linemen  and  electricians. 

•  Distribution  system:  (4  psi  and  9  psi)  linemen. 

•  City  gate  station:  (4  psi  and  9  psi)  steelworkers 

•  District  regulator  stations:  (4  psi)  pipefitters  and  instrument 
repairmen,  (9  psi)  pipefitters. 

•  Peak -shave  plant:  (4  psi)  plumbers 

•  Compressor  stations:  (4  psi)  pipefitters  and  steelworkers;  (9  psi) 
pipefitters. 


*  For  example,  the  schedule  might  indicate  at  what  point  it  would  be  advantageous 
to  abandon  a  damaged  power  plant  and  utilize  or  repair  an  intertie  wi;  ~n 
external  system,  rather  than  repair  the  damaged  plant. 


SfAVU-NVW  NOIiVOIilKS'V'ID 
'1  V.I.O.t.  'HI  MS 


Time-Phased  Repair  —  Typical 
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SOURCE:  URS  It  Kennedy  Engineers 
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At  lower  overpressure  levels  (4  psi  in  this  example)  for  the  electric 
utility  system,  the  distribution  system  requires  the  greatest  pei iod  of  time  to 
repair,  while  the  transmission  system  and  generating  plant  can  be  repaired  in 
approximately  the  same  length  of  time.  However,  at  higher  overpressure  levels 
i9  psi  in  this  rase),  the  time  required  to  repair  the  generating  plant  increases 
considerably  and  equals  that  of  the  distribution  system,  with  the  transmission 
system  requiring  the  least  repair  time.  The  three  major  subsystems  (city  gate 
stations,  district  regulators  and  compressor  station)  of  the  gas  utility  system 
at  4  psi  overpressure  require  approximately  the  same  length  of  time  to  repair, 

1-,’hile  at  the  9-psi  level  the  compressor  station  takes  the  longest  time  to  repair, 
with  the  city  gate  station  and  district  regulator  station,  requiring  slightly 
less  time. 

Figures  13  through  16  are  schedule  summaries  prepared  by  totaling  the 
information  given  earlier  on  a  subsystem-by-subsystem  basis.  At  the  far  end  of 
each  summary  sheet,  two  columns  (mean  number  and  maximum  number  of  men  required 
by  skill/  have  been  added  to  aid  the  reader  in  evaluating  the  overall  and  relative 
magn?u..ie  of  the  skilled  labor  necessary  for  the  utility  repair  requirements. 

The  number  of  different  skills  required  for  repair  varies  for  each  utility 
and  overpressure  level.  The  electric  utility  system  used  11  different  labor 
skills  at  the  4-psi  level  and  13  skills  at  the  9-psi  level.  The  gas  utility 
requires  12  separate  skills  at  4  psi  and  only  9  skills  at  9  psi  (the  reduction 
in  number  of  skills  is  due  to  rhe  change  in  criticality  rating  of  the  peak-shave 
plant,  as  discussed  in  Section  3).  Approximately  50  percent  of  the  necessary  skill 
(i.e.,  carpenters,  pipefitters #  etc.)  are  common  to  both  utilities.  Two  of  the 
skills  (i.e.,  linemen  and  instrument  repair  men)  are  unique  to  their  respective 
utilities  while  the  remaining  required  skills  are  common  to  the  construction 
industry  but  related  specifically  to  only  one  utility  system  repair  (e.g. , 
boilermakers,  and  steamf i t ters ,  for  boiler  repair).  The  time-phased  repair 
sequences  and  summaries  are  based  on  having  the  required  skills  available;  if 
alternate  skills  have  to  be  used,  the  time  periods  given  to  repair  damaged  utility 
subsystems  would  probably  double.  A  more  realistic  schedule  could  be  pr*-/>ai Lgat ed 
by  a  utility  following  a  nuclear  attack  using  rigs.  9  through  16  as  a  guide. 
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A  controlling  lacier  in  the  scheduling  of  any  task  is  the  a  ’ai  lability 
of  the  resources  required  to  perform  that  task.  As  mentioned  in  Section  3, 
it  has  been  necc-ssarv  to  assume  that  ail  manpower,  equipment,  materials, 
supplies,  spare  parts,  special  facilities,  etc.  would  be  immediately  available 
as  required.  Therefore  the  time-phased  repair  analyses  and  repair  schedules 
presented  in  this  section  are  in  error  to  the  extent  that  this  simplifying 
assumption  is  in  error. 

Because  of  the  dispersed  nature  of  the  elements  in  the  electric  utilities 
transmission  anti  disi ri but  ion  s/s toms,  there  is  virtually  no  constraint  on 
how  many  workmen  could  be  scheduled  simultaneously.  For  this  reason,  we  '  -ve 
presented  the  scheduling  parametrically  rather  than  in  terms  of  some  arbitrarily 
stated  workforce  size.  Figure  17  depicts  i. he-  length  of  time  (in  days)  that 
would  be  required  for  crews  of  various  size  n  repair  dist r ihul for-  systems  of 
various  size  at  the  *l-nsi  damage  level.  In  most  cases  both  the  number  of  avail¬ 
able  repair  crews  and  the  c’rcuit  miles  of  a  distribution  system  woulo  be  directly 
related  to  the  size  and  population  of  a  metropolitan  area.  Hence  the  repair 
time  for  the  distribution  system  is  found  to  be  fairly  t  constant  for  a  community 
of  any  size.  The  range  in  the  repair  time  which  would  ce  applicable  to  most 
communities  is  between  20r  and  250  days,  indicated  in  Fig.  17  by  the  shaded  oar.d. 

The  Use  oi  Alternate  Skills 


The  repair  schedule  •»>  siimed  the  availability  of  all  the  necessary  labor 
skills  that  would  be  required.  However,  in  some  cases,  requirements  for  a 
specific  labor  skill  are  so  high  that  the  probability  of  filling  these 
requirements  in  any  specific  metropolitan  area  would  be  slight.  Therefore,  a 
qualitative  analysis  has  been  made  of  possible  alternate  labor  skitls  that  could 
be  used  to  meet  tin  skilled  labor  req'u.  esaents. 


The  n iu re  -*i  our  -onety  in  such  that  many  individuals  have  the  capability 
of  performing  tasks  not  s  losel .  r-  ialed  with  ..heir  occupation.  This  is  due  in 
part  to  the  fact  that  work  force  requirements  (and  hence  the  opportunity  for 
employment)  in  specific  areas  nas  changed  with  time,  causing  prop le  to  adapt  by 
acquit  ing  new  or  funner  skills.  The  skills  they  leave  behind  become,  for  the 
most  part,  latent  in  that  the\  cannot  be  inferred,  merely  from  a  c; ms i dero t ion  of 
the  person*  <  cur  rent  <1  r>.;iai:oi,.  mher  sources  of  Intent  skills  slight  Include: 


Time-Phased  Repair  Sumuuuy  -  Typical  City  Gas  Utility,  *1  ps  1  Overpressure 


Fiji.  15.  Time -Phased  Repair  Summary  —  Typical  City  E loot r  1  c  Utility,  'l  psi  Overpressure 
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Time-Phased  Repair  Summary  -  Typical  City  Electric  Utility,  9  psi  Overpressure 
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jobs  held  in  youth,  part-time  jobs,  military  training,  hobbies,  or  even  jobs 
held  by  family  members. 

Nordlie  and  Vestermark  (Ref.  24)  discuss  this  property  of  pluralistic, 
industrial  forms  or  society  (such  as  is  represented  by  the  contemporary  United 
States)  and  relate  it  to  our  potential  for  recovery  following  a  nuclear  attack. 

In  their  words,  "American  society  appears  to  have  important  redundant  capacities 
for  meeting  massive  upheaval  and  degradation  of  pre-existing  standards,  and  for 
redirecting  individual  behaviors  and  social  processes  toward  long-term  recovery. 

This  redundancy  of  capacity  means  that  much  can  be  subtracted  from  American  physical 
and  'ocial  resources,  while  still  leaving  a  minimum  base  for  recovery." 

To  apply  this  philosophy  to  the  postattack  restoration  of  gas  and  electric 
utility  service,  we  can  consider  the  availability,  in  the  populace,  of  those 
persons  capable  of  making  significant  contributions  to  the  restoration  task.  To 
be  sure,  the  great  majority  of  these  persons  would  not  be  able  to  function  in  all 
capacities  as  well  as  a  skilled  utility  worker,  nor  would  they  require  as  little 
supervision.  However,  in  many  instances  their  contribution  might  well  make  the 
difference  between  having  service  restored  at  a  reasonable  date  rather  than  having 
to  wait  a  prohibitive  time  for  the  utility  company's  employees  to  complete  the 
restoration. 

In  view  of  the  fact  that  the  "latent"  capabilities  of  individuals  are  not 

reflected  in  available  industrial  manpower  statistics,  it  is  recommended  that 

studies  be  performed  to  determine  the  type  and  extent  of  these  latent  talents. 

One  possible  research  approach  would  be  a  survey  of  randomly  selected  individuals 

* 

in  an  industrial  community  to  ascertain  primary  and  secondary  skills.  The  findings 
of  such  a  study  would  provide  date  on  the  extent  to  which  interchangeability  of 
labor  is  possible.  A  second  approach  would  be  for  industry  (hopefully  with  the 
cooperation  of  labor  unions)  to  develop  files  on  worker  capabilities  for  all 
employees. 


*  Such  a  survey  could  be  similar,  but  on  a  much  smaller  scale,  to  that  conducted 
periodically  by  National  Science  Foundation  of  professional  and  technical 
personnel. 
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In  the  absence  of  such  specific  information  on  latent  skills  and  skill 
overlap  between  various  job  classifications,  we  are  limited  to  a  qualitative 
discussion  of  manpower  interchangeability  and  substitution.  Table  5  was  prepared 
by  using  the  occupational  title  information  and  numerical  indexing  system  given 
by  Ref.  25  and  has  been  included  to  suggest  several  general  areas  wherein  an 
appreciable  degree  of  job  interchangeability  appears  feasible. 

Special  Equipment 


Many  of  the  repairs  that  would  be  performed  in  the  utility  systems  require 
the  use  of  special  heavy  equipment,  such  as  cranes,  hoicts,  trenching  machines, 
compressors,  and  welding  machines.  Although  this  equipment  has  been  delineated 
on  the  Repair  Analysis  Sheets  in  Appendix  A,  its  availability  was  not  taken 
into  account  for  the  time-phased  repair  analysis.  In  actuality,  the  avail¬ 
ability  of  such  heavy  equipment  would  greatly  affect  the  speed  at  which  a 
utility  system  could  be  repaired  and,  in  the  case  of  the  electrical  and  gas 
distribution  systems,  could  well  be  the  major  constraint  as  to  the  total  time 
required  to  repair  these  systems.  While  it  is  realized  that  utility  companies 
themselves  own  and  operate  many  pieces  of  special  equipment,  for  economical 
reasons  they  rarely  have  more  than  is  necessary  for  the  day-to-day  maintenance 
and  repair  of  their  total  systems.  With  the  massive  repair  efforts  that  would 
be  required  at  moderate  or  higher  overpressures,  the  resources  of  both  major 
and  minor  private  contractors  would  have  to  be  sought  if  the  repair  effort  is 
not  to  extend  over  an  inordinate  length  of  time. 
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INTERCHANGEABILITY'  OF  LABOR  SKILLS  FOR  VARIOUS  TASKS 


Repair,  installation,  and  operation  of  machinery 

Auto  mechanic 
Industrial  Mechanic 
Operating  engineer 
Machinist 
Millwright 

Repair,  installation,  and  operation  of  piping  system 

Pipefitter 
Plumber 
Steamf it ter 
Boiler  maker 
Welder  (specialized) 

Repair,  installation,  and  operation  of  electrical  systems 

Electrician 

Lineman 

Electronic  technician 
Instrument  technician 

Repair  and  construction  of  miscellaneous  structures 

Structural  iron  worker 
Rigger 
Ca rpenter 
Welder  (general) 

Mason 

Sheetmetal  worker 


SOURCE:  URS  Corporation  and  U.S.  Deoartisrnt  of  Labor 


Section  7 

PREATTACK  PLANNING  AND  ALTEFNATE  PROCEDURES 

PREATTACK  PLANNING 


The  results  of  this  study,  particularly  the  mathematical  model, 
can  be  used  by  utilities  in  preattack  planning  and  attack-implemented 
emergency  operations.  Careful  preattack  planning  using  realistic  damage 
estimates  could  significantly  improve  the  utilities’  capability  to  pro¬ 
vide  electric  power  or  gas  following  a  nuclear  attack.  One  approach  to 
preattack  planning  could  be  as  follows: 

•  Utilize  the  mathematical  model  to  predict  the  postattack 
damage  situation  and  repair  requirements.  (If  a  range  of 
effects  is  desired,  several  different  weapon  sizes  and 
weapon  locations  could  be  used  to  approximate  light, 
medium,  or  heavy  attacks  on  the  utility  system.) 

•  Integrate  results  of  the  model  with  general  area  damage 
estimates  prepared  by  OCD. 

•  Identify  the  relative  magnitude  of  demand  sources  (consumers) 
and  r**n  these  on  a  priority  basis. 

•  Identify  and  rate  the  predicted  postattack  capability  of 
"imported"  gas  or  electric  power  sources  (other  transmission 
systems,  electric  generating  plants,  etc.). 

* 

•  Determine  which  parts  of  the  system  should  be  hardened, 
repaired  immediately  postattack,  or  given  ether  special 
attention  to  impro\re  their  probability  of  performing 
postattack. 


*  Elements  can  be  hardened  permanently  or  only  temporarily.  Permanent 
hardening  should  be  considered  for  very  critical  elements,  without 
which  the  system  could  not  function  at  all.  Examples  of  such  hardening 
might  include  the  burying  of  electric  transmission  lines  or  housing 
city  gate  stations  or  key  substations  in  heavily  reinforced  concrete 
buildings  or  vaults.  Temporary  hardening  could  be  applied  during 
periods  of  increased  readiness  ,:.nd  might  be  more  applicable  to  elements 
of  moderate  criticality  or  even  semi-critical  elements.  Examples  of 
temporary  hardening  might  include  sandbagging  instruments  and  measures 
to  shield  them  from  missile  oamage  or  tying  down  transformers  to 
prevent  overturning. 
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•  Plans  for  postattack  operations  should  consider  the  pre¬ 
positioning  of  men  and  equipment  so  as  to  increase  their 
survivability  following  a  nuclear  attack.  One  possible 
method  is  the  concept  described  in  Ref.  12,  which  employs 
engineering  yards  located  around  the  perimeter  of  a  city 
as  staging  areas  wherein  men  and  equipment  would  be 
stationed  prior  to  a  nuclear  attack.  The  stockpiling  of 
vital  supplies  and  their  possible  distribution  to  points 
outside  the  city  shc'ild  also  be  included  in  emergency 
plans.  Postattack  procedure  should  also  be  delineated  for 
the  cannibalization  of  damaged  utility  elements  in  low- 
priority  areas  to  speed  the  repair  of  similar  damaged 
utility  elements  in  high-priority  areas. 

•  Duplicate  utility  system  maps  should  be  prepared  and 
disseminated  to  the  various  locations  where  repair  parts 
would  be  based.  This  would  enable  repair  personnel  to 
quickly  locate  critical  areas  in  the  utility  system  for 
repair  or  isolation.* 


ALTERNATE  OPERATING  AND  REPAIR  PROCEDURES 

The  1-B  repair  mode,  toward  which  the  preceding  sections  have  been 
directed,  implies  the  use  of  certain  operating  and  repair  procedures  which 
differ  from  normal  practice.  The  use  of  such  alternate  procedures  is 
especially  applicable  to  the  restored  electric  utility  system.  The  gas 
utility  system,  being  inherently  less  flexible  in  nature,  cannot  take 
advantage  of  alternate  operating  procedures  without  losing  so  much  capacity 
as  to  be  classified  as  Mode  ”C.’  However,  alternate  repair  procedures  can 
be  employed.  These  alternate  repair  procedure  involve  the  substitution  of 
normal  gas  utility  components  by  similar  components  intended  for  use  in 
water,  petroleum,  or  chemical  piping  installations.  Simple  valves,  piping, 
and  some  pressure  instruments  could  be  used  with  virtually  no  modifications 
and  no  degradation  of  system  operability.  Such  substitutions  are  possible 
partly  because  the  gas  system  is  basically  very  simple  and  partly  because 


*  It  should  be  noted  that  a  primary  constraint  to  shutting  off  all  or  any 
portion  of  a  system  is  knowledge  of  how  to  do  so,  i.e.,  where  control 
points  are  located  and  how  they  are  actuated. 
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gas  system  components  are  generally  stressed  to  only  a  fraction  of  their 
capacity  (with  respect  to  operating  pressures,  at  least) ,  It  should  be 
noted  that  the  gas  and  electric  utility  systems  are  basically  different 
in  this  respect.  Electrical  components  are  designed  and  rated  for  a  specific 
use  and  cannot  generally  be  interchanged  very  freely  (e.g. ,  one  cannot  replace 
the  elements  of  a  34-kV  system  with  those  of  a  12-kV  system).  While  it  is 
possible  to  substitute  some  elements  with  similar  units  of  a  higher  rated 
capacity,  this  practice  has  its  limits  also. 

The  more  important  deviations  from  the  normal  operation  and  repair 
of  the  electric  utility  are  discussed  below  (detailed  descriptions  are  given 
in  the  Repair  Analysis  Sheets,  Appendix  A) : 

0  Automatic  Controls.  When  automatic  controls  have  been  damaged, 
the  simplest  alternate  operating  procedure  is  to  resort  to  manual 
operation.  This  would,  however,  increase  the  required  size  of 
operating  crews  by  three  or  four  times.  Manual  controls  would 
allow  partial  or  full  operation  while  an  expedient  control  system 
was  being  rigged. 

•  Transformers.  Large  distribution  of  transmission  transformers, 

when  overturned,  can  suffer  coil  damage  which  is  virtually  impossible 
to  repair  in  the  field.  Under  peacetime  conditions,  transformers 
suffering  coil  damage  are  normally  shipped  to  the  manufa-.  iurer  for 
repair;  however,  there  are  only  four  large  manufacturers  of  trans¬ 
formers  in  the  United  States,  and  they  are  located  east  of  the 
Mississippi  River.  Consideration  then  would  have  to  be  given  to 
converting  large  manufacturing  or  repair  facilities  (.  uch  as  ship¬ 
yards)  to  repax*;  icrge  transformers.  A  possible  alternate  operating 
protedaie  in  ti.e  case  of  loss  of  large  step-down  transformers  would 
be  to  operate  the  transmission  or  distribution  lines  at  a  reduced 
voltage  and  use  a  number  of  smaller  transformers;  although  this 
procedure  would  be  severely  inefficient  due  to  large  line  losses, 
it  would  provide  electricity,  where  needed,  in  an  emergency. 

•  Small  Pole-mounted  Distribution  Transformers  (25  to  50  kVA) . 

These  represent  an  easier  repair  problem  than  the  large  transformers 
because  of  their  smaller  size.  Under  normal  peacetime  conditions, 
most  utility  companies  do  not  repair  this  size  transformer,  but 
simpxy  replace  it  with  a  new  one.  However,  due  to  a  shortage  of 
supplies  following  a  nuclear  attack,  this  approach  would  be  unfeasible, 
and  svaali  repair  facilities  or  machine  shops  would  have  to  r-e  converted 
to  repair  the  damaged  transformers. 
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•  Bus  Structures.  When  a  bus  structure  has  collapsed  or  become  so 
severely  deformed  that  electrical  clearance  is  not  maintained  be¬ 
tween  bus  bars,  rebuilding  of  the  bus  structure  is  necessary.  An 
expedient  method  to  speed  repair  would  utilise  wood  instead  of 
steel  in  the  bus  structure.  Operation  of  the  bus  and  transformers 
at  reduced  voltages  may  also  be  feasible. 

•  Distribution  System.  The  major  damage  to  a  distribution  ry stem 
occurs  when  power  poles  are  snapped  off  .,  usually  several  feet 
aboveground.  Not  only  are  the  poles  and  electrical  conductors 
broken,  but  the  porcelain  insulators  mounted  on  the  crossarms  may 
be  cracked  or  broken  (as  mentioned  above,  distribution  transformers 
will  also  be  damaged).  The  normal  procedure  when  a  distribution  pole 
is  broken  is  to  replace  it  with  a  new  pole.  However,  with  the  scarcity 
of  supplies  that  could  be  expected  following  a  nuclear  attack,  a  dif¬ 
ferent  procedure  would  probably  have  to  be  adopted  to  make  the  neces¬ 
sary  repairs.  One  alternate  repair  method  would  be  to  strap  the  bro¬ 
ken  poles  to  the  stubs  remaining  in  the  ground.  Broken  insulators 
could  not  be  repaired  by  cementing  but  might  be  replaced  with  resin- 
impregnated  wood  to  anchor  the  conductors  to  the  crossarms. 

•  Start-Up  Power.  When  an  electric  generating  plant  is  subjected  to 

a  sudden  variation  in  load,*  the  plant’s  safety  devices  automatically 
disconnect  the  plant  from  the  system  3nd  shut  it  down.  To  restore 
a  generating  plant  to  service  requires  electricity  to  power  the  plant 
auxilaries  (e.g.,  automatic  controls,  pumps,  fan  motors,  etc.).  This 
power  requirement  is  approximately  10  percent  of  the  plant’s  generating 
capacity  (i.e.,  a  600-MW  plant  would  require  60-MW  start-up  power). 
Typically,  in  this  country,  generating  plants  rely  on  system  interties 
to  provide  start-up  power  and  infrequently  h%ve  emergency  generators 
(capable  of  independent  operation)  to  supply  the  required  power. 
Therefore,  alternate  procedures  for  supplying  start-^p  power  would 
have  to  ue  used  where  system  interties  have  been  destroyed.  One 
such  method  would  be  to  employ  a  diesel-electric-locomotive  as  an 
independent  source  of  power. 


*  A  recent  multistate  blackout  war.  caused  when  a  230-kV  transmission  line 
short  circuited;  a  single  nuclear  weapon  could  cause  several  such  failures 
in  one  metropolitan  area. 

**  This  would  be  particularly  important  where  a  plant  suffers  only  minor  carnage 
and  the  major  obstacle  in  restoring  it  to  service  i'.-  lack  of  start-up  power. 
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Section  8 

OCCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 


A  number  of  conclusions  based  on  the  results  and  data  presented  herein 
are  reported  below. 


Comparison  of  Gas  and  Electric  Utilities 

Although  gas  and  electric  utilities  serve  many  of  the  same  consumers,  they 
are  dissimilar  with  respect  to  both  vulnerability  to  nuclear  attack  and  the 
subsequent  repair  requirement.  Gas  utilities  within  metropolitan  areas  are 
relatively  simple  in  design  and  operation;  most  critical  elements  are  located 
underground,  with  the  result  that  damage  to  a  major  portion  of  the  system  (i.e., 
pipelines)  occurs  only  3t  very  high  overpressures.  The  repair  effort  for  above¬ 
ground  elements ,  which  are  damaged  at  overpressure  levels  of  less  than  12  psi 
(where,  coincidentally,  the  survival  of  at  least  some  personnel  tnd  facilities 
is  nrobable)  is  relatively  small  (predictions  for  the  typical  city  are  40,000 
man-days  at  the  9-psi  level).  Electric  utilities,  on  the  other  hand,  are  com¬ 
plex  in  design  and  operation,  most  critical  elements  are  aboveground,  major 
dsffiage  occurs  in  the  5  to  12-psi  range,  and  repair  effort  is  massive  (predictions 
for  the  typical  city  are  284,000  man-days  at  9  psi) . 


Damage  to  Components  and  Continuity  of  Service 


fie  damage  sustained  by  the  various  components  of  the  utilities  and  the 
subsequent  repair  required  determine  the  overall  response  and  probable  availabil¬ 
ity  of  utility  service.  At  very  low  overpressures  (i.e.,  i  to  2  psi)  electric 
utility  service  would  be  temporarily  disrupted  immediately  following  the  attack 
until  such  time  ss  repair  crews  could  make  minor  repairs,  reset  protective  devices, 
and  possibly  i evert  to  manual  control  of  operations,  a  matter  of  some  hours 
if  personnel  are  available.  However,  this  restoration  time  would  be  drastically 
increased  if  start-up  power  for  the  gt*,*..  sung  plant  were  unavailable —a  not 
un.».iKei.y  eventual.*,  t ,  At  this  overpressure  level,  critical  elements  within  gas 
utilities  woulc.  noriaally  be  unaffected  except  in  rare  cases  where  controls  at 
city  gate  stations  or  cross-country  terminals  incur  damage;  if  personnel  were 
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available,  repairs  could  be  completed  before  service  to  the  consumer  was 
interrupted. 

At  overpressure  of  3  to  4  psi,  electric  utilities  would  sustain  moderate 
to  serious  damage  to  distribution  systems  (primarily  from  broken  poles  and  trees 
falling  across  lines),  and  large  sections  of  the  city  would  be  without  power 
for  a  matter  of  days  or  weeks  even  if  repair  crews  were  available.  However,  those 
sections  of  the  city  served  by  underground  distribution  systems  (primarily  the 
central  business  district) ,  would  suffer  shorter  outages  only  if  aboveground 
transmission  lines  feeding  the  underground  system  remained  undamaged.  Some 
failures  might  occur  in  a  steam  electric  generating  facility  at  this  overpressure 
level  primarily  due  to  damaged  control  systems,  but  such  failures  would  be  of 
relatively  short  duration  if  repair  crews  were  on  hand  and  manual  operation 
could  be  instituted.  Further,  interties  with  unaffected  areas  might  be  used 
f«»r  providing  power  to  damaged  areas  (assuming  other  heavy-load  areas  were  not 
affected).  The  gas  utility  would  be  expected  to  sustain  no  additional  damage 
in  this  range. 

Af  a  somewhat  higher  overpressure  level  (i.e.,  4  to  6  psi),  all  aboveground 
distribution  systems  and  most  of  the  transmission  system  of  the  electric  utility 
would  be  severely  damaged  ar«i  inoperable.  Even  if  re^a'r  crews  and  replacement  Tf 

II 

parts  were  available,  service  over  the  entire  city  wc.i  ’  ’  disrupted  and  could 
net  be  resumed  (even  with  a  massive  repaii  effort)  for  a  matter  of  weeks  or  p 

months.  Even  portions  of  the  city  served  with  underground  lines  would  be  i- 

affeeted  since  the  transmission  system,  most  of  which  is  aboveground ,  would  have 
been  severely  damaged.  The  elecvric  generating  plant  would  sustain  considerable 
damage,  which  would  require,  at  a  minimum,  a  repair  effort  of  many  months. 

Substations  would  also  be  damaged  to  a  considerable  extent.  Imported  power  from 
interties  would  not  be  usable  until  such  t ?vne  as  transmission  and  distribution 
systems  and  substations  within  the  city  were  repaired  or  rebuilt;  however, 
some  isolated  areas  might  be  served  earlier  by  building  special  lines  from 
interties  to  serve  them.  At  this  overpressure  level,  the  gas  utility's  system 
itself  would  receive  little  additional  damage,  although  many  service  connections 
would  be  sheared  off  with  building  collapse.  Since  numerous  leaks  would  result, 
much  of  the  distribution  system  would  have  to  be  shut  off  for  both  conservation 
and  safety  reasons.  It  would  be  preferable  to  shut  off  only  affected  portions 
of  the  system  at  district  regulators.  However,  in  some  systems,  such  an  I 
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arrangement  may  not  he  possible  (due  either  to  lack  of  knowledgeable  personnel 
or  inaccessabi lity  of  the  area)  and  the  entire  city  might  have  to  be  shut  off 
at  city  gate  station. 

At  higher  overpressure  levels  (6  to  8  psi)  the  distribution  and  transmission 
systems  of  the  electric  utility  would  be  so  severely  damaged  that  r^’-'ui lding 
would  be  undertaken  only  in  the  most  unusual  circumstances;  even  the  reuse 
or  salvage  of  parts  would  be  unlikely.  Above  8  psi,  no  possibility  of  repairing 
the  distribution  and  transmission  systems  is  forecast.  If  it  were  decided  to 
restore  service  following  such  heavy  damage,  new  construction  employing  new  or 
cannibalized  materials  would  be  required.  Damage  sustained  by  generating 
facilities  would  rise  sharply  at  about  10  psi  but  repair  'vould  still  be  within 
the  realm  of  feasibility  if  replacement  parts  were  available.  Above  12  psi, 
the  boilers  would  be  totally  destroyed  and  the  frame  of  the  building  excessively- 
distorted;  restoration  would  not  be  feasible.  At  10  to  12  psi  serious  damage 
to  aboveground  gas  pipelines  (such  as  river  crossings)  and  appurtenances  would 
be  widespread.  However,  with  trained  crews,  equipment,  and  replacement  parts, 
system  integrity  could  be  rather  rapidly  reestablished,  although  service  to 
consumers  (presumably  in  areas  experiencing  considerably  less  damage)  could 
not  be  resumed  until  the  affected  portions  of  the  system  could  be  purged  and 
tested.  Where  air-induced  or  direct  ground  shock  is  an  important  factor, 
extensive  damage  to  the  underground  pipe-line  system  would  occur.  Presently 
available  data  are  insufficient  to  allow  any  reasonable  estimates  to  be  made 
concerning  the  occurrence  or  degree  of  damage  resulting  from  ground  shock. 

Adequacy  of  Supplies  and  Spare  Parts 


The  postattack  demand  for  replacement  parts  would  be  high;  while  their 
probable  availability  would  be  low.  One  possible  solution  to  this  dilemna 
is  cannibalizing  o'"  salvaging  needed  parts  from  portions  of  the  system  not 
in  use.  Another  potential  solution  is  to  employ  alternative  operating  procedures 
although  these  inevitably  degrade  the  system’s  reliability  and  safety  and 
usually  it’s  output  as  well  (however,  the  effects  of  the  attack  would  prob¬ 
ably  reduce  demand  more  significantly  than  it  would  system  output  capacity). 

Certain  critical  elements  appear  to  impose  special  constraints  upon  the 
restoration  of  the  utility  system  as  a  whole.  The  constraints  common  to  such 
elements  are:  (1)  the  item  is  irreparable,  at  least  by  ordinary  standards; 
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(2)  spare  parts  are  not  available  in  adequate  quantity;  (3)  alternate  operating 

procedures  which  can  bypass  the  damaged  element  are  not  feasible.  Those 

critical  elements  believed  to  present  such  constraints  are  all  found  within 

* 

the  electric  utility  and  are  described  below. 

•  Large  Transformers.  These  units  are  essential  in  stepping  up  and 
stepping  down  voltages  between  the  generator,  the  transmission  system, 
and  the  distribution  system.  Although  they  are  relatively  "hard,” 
coil  damage  is  probable  if  overturning  occurs.  For  repair  they  must 
be  returned  to  the  manufacturer’s  plant  (there  are  only  four  major 
manufacturers  in  the  nation,  all  east  of  the  Mississippi  ttiver)  for 
complete  rebuilding.  Because  of  the  high  cost  of  such  transformers 
and  because  most  are  custom-made,  standby  and  spare  units  are  kept 

to  a  minimum.  Alternate  operation  to  bypass  such  large  transformers 
are  possible  but  only  at  the  sacrifice  of  most  of  the  operating  capacity 
of  the  system, 

•  Porcelain  Insulators.  These  essential  components  of  all  transmission 
and  distribution  lines  are  easily  broken  and,  being  a  vitreous  material, 
are  irreparable.  No  feasible  alternate  procedures  are  apparent  (the 
use  of  insulated  conductors  is  of  very  limited  applicability  because 

of  the  very  small  stockpiles  of  such  cable) .  Replacement  stocks  of 
insulators  are  relatively  small  since  the  normal  breakage  rate  is  low. 
These  stocks  would  be  completely  inadequate  in  the  face  of  a  major 
catastrophy . 

•  Small  Pole-mounted  Transformers.  Distribution  transformers  present  a 
severe  constraint  in  that  they  are  widely  used  and  are  usually 
damaged  when  poles  break.  They  could  probably  be  rebuilt  locally 
(although  normally  utilities  prefer  to  scrap  them  and  buy  replacements) 
by  converting  available  manufacturing  capacity  within  the  community 

to  this  purpose. 


Mathematical  Repair  Model 


The  repair  effort  required  for  damaged  gas  and  electric  utilities  can 
be  related  to  overpressure  by  an  exponential  relationship  which  consicViS 
overpressure  (and  related  weapon  effects) ,  degree  of  restoration,  and 
qualification  of  repair  crews.  The  repair  model  can  be  used  by  rea1  utilities 
and  real  cities  for  predicting  repair  requirements  under  various  assumed  attack 
conditions,  thereby  providing  a  better  basis  for  planning  and  training. 


*  The  components  of  the  gas  system  show  a  high  degree  ol  interchangeability 
(e.g. ,  a  water  valve  can  be  used  to  control  gas  flow)  as  well  as  a  large 
safety  factor  (e.g.,  a  pipe  may  be  rated  for  25  psi  but  may  well  be  usable 
at  50C  psi) ,  so  that  the  potential  source  of  replacement  parts  and  supplies 
is  very  broad.  This  flexibility  is  not  true  of  the  electrical  system,  in 
which  components  must  be  accurately  rated  and  precisely  matched. 
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Requirements  for  Manpower 


The  work  force  reqxiired  for  repairing  gas  and  electric  utilities  would 
include  most  of  the  major  construction  skills.  It  is  probable  that  major 
shortages  in  some  skills  would  occur  even  in  the  absence  of  personnel 
casualties  and  would  certainly  be  accentuated  if  casualties  occurred.  The 
interchanging  of  skills  would  probably  be  practiced  widely  to  reduce  the 
problems  of  manpower  shortage;  such  interchanging  has  definite  limitations, 
however,  and  is  never  a  completely  satisfactory  solution.  Repair  effort  is 
expected  to  roughly  double  where  utility  trained  crews  are  replaced  with 
crews  composed  of  workers  having  different  but  related  skills.  When  using 
alternate  skills,  some  system  degradation  would  be  likely  to  cccur,  i.e. , 
system  reliability  and  safety  might  suffer  and  outages  might  be  more  frequent 
and  severe. 

Within  limits,  skilled  labor  can  be  substituted  for  damaged  components, 
and  conversely,  new  components  can  reduce  the  requirements  for  skilled  labor. 
In  time  of  disaster,  the  payoff  between  these  two  resources  would  have  to 
be  adjusted  to  meet  the  immediate  situation. 

Time-Phased  Repair 

The  study  of  time-phasing  of  repair  effort  provided  data  on  the  size  of 
the  work  force  required,  the  total  time  required  for  restoration,  and  the 
specific  skills,  and  alternate  skills  required.  These  data  can  provide 
guidance  to  real  utilities  as  to  the  potential  magnitude  of  the  repair  problem 
they  themselves  might  face  and  can  allow  them  to  assess  their  own  capabilities 
to  meet  such  an  exigency. 

Requirements  ftr  Preattack  Planning 


Utilities,  because  of  their  frequent  encounters  with  natural  disaster, 
have  some  basic  capability  for  meeting  nuclear  disaster.  However,  additional 
planning  and  training  directed  primarily  at  problems  associated  with  nucler 
attack  would  substantially  increase  the  utility’s  ability  to  remain  in  operation 
in  the  event  of  light  damage  and  to  resume  operations  more  rapidly  ix.  the 
event  of  heavier  damage.  Present  planning  should  be  changed  to  recognize  that, 
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in  the  event  of  a  nuclear  attack,  localities  *vould  be  isolated  and  dependent 
upon  their  own  resources.  This  situation  is  unlike  peacetime  disasters,  in 
which  repair  crews  and  supplies  can  be  flown  in  from  adjacent,  unaffected  areas. 

Since,  control  equipment  invariably  fails  prior  to  the  main  components 
of  the  system,  personnel  should  maintain  their  skills  ir.  alternate  techniques 
which  permit  manual  control  of  operations .  Additional  consideration  should 
also  be  given  to  protecting  working  personnel  to  maintain  the  continuity  of 
service  during  attack. 

Other  Potential  Problem  Areas 


Insufficient  data  are  available  on  the  response  of  certain  elements  (such 
as  large  turbo-generators  and  gas  regulators  tc  blast  and  underground  pipelines 
to  ground  shock),  and  a  need  for  further  analyses  and  testing  is  indicated.  A 
possible  source  of  major  damage,  noted  but  not  explored  in  this  study,  is  the 
possibility  of  system  self-destruction,  which  might  occur  if  the  system’s 
protective  devices  (i.e.,  circuit  breakers  in  the  transmission  distribution 
system  and  speed  control  devices  in  the  turbo-generators)  were  simultaneously 
or  sequentially  disrupted  by  the  advancing  clast  wave.  Possible  damage  could 
range  from  scored  bearings  and  thrown  turbine  blades  to  propelling  the  rotor 
through  the  roof  (either  from  weapon  effects  proper  or  from  a  sudden  drep  in 
the  electrical  load).  Until  such  time  as  definitive  answers  can  be  provided  to 
this  possible  dinger,  it  may  ba  wise  for  the  electric  utility  industry  to  plan 
for  an  ordered  cutback  of  service  as  the  threat  of  nuclear  attack  increases. 

They  could  either  shut  dov.rn  and  secure  a  portion  of  the  generating  capacity  or, 
alternatively,  place  it  on  spinning  reserve  (i.e.,  the  boiler  producing  steam 
and  the  generator  turning  but  under  no  load) . 

In  only  a  few  instances  would  hardening  of  critical  elements  materially 
increase  the  probability  of  restoring  a  damaged  utility  as  a  whole.  One 
notable  exception  is  the  large  transformers,  which  are  essentially  irreplaceable 
once  damaged  by  overturning.  Additional  bracing  to  reduce  the  likelihood  of 
overturning  might  be  a  very  worthwhile  and  reasonably  low-cost  investment. 
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RECOMMENDATIONS 

Based  upon  the  results  of  this  study  (including  problem  areas  which 
were  only  briefly  considered)  the  following  are  suggested  for  future  research: 

1.  Apply  the  mathematical  repair  model  (Section  4)  to  the  real 
utility  systems  being  surveyed  as  a  part  of  the  Five-City  Study. 

Such  a  study  would  (1)  provide  bait  inp- ‘o  for  the  postattack 
recovery  portion  of  the  Five-City  Stui,  and  (2)  provide  planners  - 
both  governmental  and  industrial  -  with  a  better  understanding  of 
the  problems  lacing  the  utility  industry  in  the  postattack  recovery 
period. 

2.  Determine  if  interchangeability  of  labor  skills  is  sufficiently 
flexible  to  provide  the  skilled  manpower  necessary  to  meet  post¬ 
attack  recovery  and  restoration  demands,  interchangeability  of 
skills  has  been  discussed  (Section  6)  as  being  contingent  upon 
both  designated  jb  ^kill  and  previous  training,  but  the  relation¬ 
ships  between  these  factors  has  not  been  established. 

3.  Investigate  the  changes  in  demand  for  utility  services  during  and 
following  nuclear  attack.  In  the  postattack  period,  a  decrease  in 
the  number  of  consumers  and  changes  in  community  consumption  patterns 
could  both  act  to  alter  repair  requirements,  probably  decreasing 
them  appreciably. 

4.  Determine  the  physical  resources  needed,  on  a  nationwide  basis, 
to  restore,  to  the  degree  required,  damaged  utility  systems  and 
estimate  the  postattack  economics  capability  to  provide  such 
resources.  If  severe  shortages  and  constraints  are  found  probable, 
preattack  stockpiling  of  such  resources  may  be  advocated. 

5.  Extend  the  findings  of  the  present  study  to  include  nuclear  electric 
generating  plants  which,  within  15  years,  are  expected  .  o  rival 
conventional  thermal  plants  as  sources  of  electrical  power. 

Although  both  types  of  generating  plants  have  many  elements  in  common, 
the  effects  of  nuclear  attack  on  a  nuclear  >-«actor  and  its  sophis¬ 
ticated  control  systems  are  poorly  understood. 

6.  Investigate  possible  major  damage  to  electrical  utility  systems 
resulting  from  simultaneous  loss  of  controls  and  safety  devices  in 
both  generating  and  distribution  systems  due  to  blast  effects, 
electromagnetic  pulse,  or  other  weapon  phenomena  not  investigated 
in  this  study. 

7.  Develop  through  analysis  and/or  tests  additional  data  on  the  response 
of  critical  elements,  including  large  transformers,  circuit  breakers, 
control  panels,  transmission  towers,  gas  regulators  and  relief  valves, 
for  which  existing  data  are  inadequate. 
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REPAIR  ANALYSIS  OF  UTILITY  SYSTEMS 


REPAIR  ANALYSIS  OF  GAS  UTILITY  SYSTEMS 


Natural  gas  systems  are  generally  considered  to  consist  of  sources  (gas 
wells),  processing  facilities,  transmission  pipelines  and  appurtenances,  and 
distribution  systems.  Since  the  majority  of  gas  wells  and  processing  facil¬ 
ities  are  in  remote  locations,  far  from  metropolitan  areas,  they  have  not  been 
included  in  this  study.  Similarly,  transmission  mains  were  examined  only 
superf iciai] y. 


The  system  studied  in  depth  is  shown  in  Fig.  1  as  a  block  diagram  and 
in  Fxg.  3  as  a  list  of  elements,  each  of  which  is  keyed  by  number  (s.g.,  G-13a) 
to  the  following  Repair  Analysis  Sheets. 

The  following  qualifying  and  explanatory  remarks  apply: 

•  The  time  required  to  purge  (displace  air  from)  gas  distribution  lines 
has  not  been  included  in  the  sheets,  since  it  depends  heavily  upon 
the  s?.ze  of  the  damaged  system  and  cannot  be  expressed  on  a  general, 
el ement-by-el ement  basis . 

•  The  time  required  tc  remove  water  from  flooded  gas  lines  has  not  been 
included,  since  this  depends  primarily  upon  the  individual  system’s 
vulnerability  to  flooding*  and  the  size  of  the  system. 

•  Those  items  assumed  to  be  generally  furnished  as  the  complement  of  a 
typical  utility  repair  truck  or  readily  available  from  local  sources 
have  not  been  included  in  the  Repair  Analysis  Sheets  as  require*'' 
equipment  or  supplies. 

The  following  abbreviations  have  been  used  on  the  Repair  Analysis  Sheets: 


*  It  should  be  noted  that  many  newer  distribution  lines  are  not  graded  and  would 
require  considerable  effort  to  drain. 
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Equipment 

PF 


Pipe  fitter’s  or  ordinary  plumber's  tools:  vise,  pipe 
wrenches,  cutter,  pipe  taps  and  dies,  reamer,  joint 
compound,  etc. 

Industrial  pipe  fitter's  tools:  hex  wrenches,  drills,  taps 
and  dies,  tubing  tools,  screwdrivers,  gasket  cutters,  plus 
all  PF  tools 

Instrument  repair  tools  and  shop  facilities 

Sheet  metal  working  tools  and  equipment:  snips,  shears, 
drill,  break,  etc. 

Machine  shop 

Welding  equipment  (portable  electric  arc  type) 

General  auto  shop  tools  and  equipment 

Electrician's  tools  (industrial  type):  tools  for  thinwall 
and  rigid  conduit,  pulling  tape,  snail  hand  tools,  etc. 

Heavy-duty  electrician's  tools:  tools  for  high-voltage 
caMe  and  large  conduit 

Carpenter's  tools 

Hoisting  equipment  -  light  (up  to  2000  lb) 

Hoisting  equipment  -  heavy  (up  to  50  tons) 


Supplies 

SP 


Small  pipe  and  fittings  (2  in.  and  smaller) 

Large  pipe  and  fittings  (4  in.  and  larger),  grade  A-53  and 
welding  fittings 

Gasket  sets,  gasket  material,  seals,  packing,  etc. 

600-volt  wire  in  various  sizes  plus  conduit  to  2  in.  with  fittings 

High-voltage  wire  plus  conduit  over  2  in.  with  fittings 

Lumber 


Labor  Skills 


Plumber  -  able  to  measure,  cut,  thread,  and  assemble  pipe  with 
usual  fittings  and  values 

Pipe  fitting  welder  -  same  skills  as  P  with  added  skill  of 
pipe  welding,  either  electric  or  gas 

Pipe  fitter  -  same  skills  as  P  but  with  additional  expert c.^v-e 
in  working  with  large  pipe,  flanged  joints,  connecting  instruments 

Instrument  repairman  -  experier:  e  in  shop  repair,  overhaul,  and 
maintenance  of  controls,  regulators,  power-operated  valves,  etc. 

Laborer  or  unskilled  helper 

Journeyman  electrician 
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labor  Skills,  Cont . 

C  Journeyman  carpenter 

M  Millwright  or  mechanic 

MAC  Machinist 

OP  Operating  engineer 

SM  Sheet  metal  worker 

H  Handyman  -  general  tool  use  capability  but  not  journeyman 

quality  in  any  one  trade 

AM  Auto  mechanic 
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OFFICE  ,  DISPATCH  ,  oM  CONTROL. 
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THE  REPAIR  ANALYSIS  OF  ELECTRIC  UTILITY  SYSTEMS 


For  convenience,  the  electric  utility  system  was  divided  into  three 
major  systems:  generation,  transmission,  and  distribution.  Tne  elements 
comprising  these  systems  are  shown  on  the  overview  diagram  (Fig.  2)  and  are 
keyed  by  number  on  Fig.  4  to  the  repair  analysis  summary  sheets  (Tables  E-l 
through  E-14). 


The  following  comments  describe  the  criteria  and  limitations  that  were 
used  in  deriving  the  repair  analysis  charts: 

•  Essentially,  where  complete  destruction  is  indicated,  the  man-hours 
required  for  a  new  facility  have  been  used,  and  a  10-percent  factor 
added  for  demolition  and  removal  of  debris. 

•  All  man-day  figures  are  based  on  an  8-hour  day. 

•  Cannibalization  is  not  indicated  in  the  table  but  is  possible.  It 
may  well  be  the  best  interim  solution,  since  many  manufacturing 
plants  will  be  out  of  commission  for  an  indefinite  period.  The 
man-hour  figures  for  dismantling  equipment  and  transportation  are 
not  represented  in  the  table,  but  will  be  close  to  the  installation 
cost  if  foundations  and  housings  are  excluded. 

•  Operating  and  maintenance  staff  have  not  been  considered  in  this 
study,  but  typically  requirements  are  0.175  employees  per  MW  for 
the  330-MW  units  under  consideration. 

•  Those  items  assumed  to  be  generally  furnished  as  the  complement  of  a 
typical  utility  repair  truck  or  readily  available  from  local  sources 
have  not  been  included  in  the  Repair  Analysis  Sheets  as  required 
equipment  or  supplies. 
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TABLE  B-l 


Repair  Estimate  -  Underground  gas  pipe  leak  (assumes  that  valves  are 

present  to  shutoff  pj assure  during  repair) 


SKILL  REPAIR  EFFORT  TOTAL  TIME  REQUIRED 

CLASSIFICATION  (man-hours/break)  (hours/break) 

6-in.  Steel 
(50-psi) 

Foreman  5.1 

Laborer  14.1 

P.F.  Welder  2.6 

Equip.  Operator  1.0 

2-in.  Steel 
(5  psi) 

Foreman  3.8 

Laborer  10.3  _ 

Plumber  1.3 

Equip.  Operator  1.0 

4-in.  Cast 

Iron 
(5  psi) 

Foreman  3 . 5 

Laborer  10.0  .  _ 

4.8 

Plumber  1.0 

Equip.  Operator  1.0 

8-in.  Cast 

Iron 

(7-in.  W.C.) 

Foreman  3.5 

Laborer  10.0 

Plumber  1.0  '  *8 

Equip.  Operator  1.0 

Repair  Estimate  -  Installation  of  gas  line  shutoff  plugs  (for  use  where 

valves  are  not  present  to  shutoff  pressure  during  repair) 


, 

SKILL  REPAIR  EFFORT  TOTAL  TIME  REQUIRED 

CLASSIFICATION  (man-hours/break)  (hours/break) 

6-in.  Steel 
(50  psi) 

Foreman  6.9 

Laborer  28.6 

P.F.  Welder  7.6  6.4 

Plumber  5.0 

Equip.  Operator  2.0 

2-in.  Steel 
(5  psi) 

Foreman  5.6  { 

Laborer  19.8 

P.F.  Welder  3.0  5.2 

Plumber  1.3 

Equip.  Operator  2.0 

4-in.  Cast 

Iron 
(5  psi) 

Foreman  5.3 

Laborer  18.5 

Plumber  7.0  4.8 

Equip.  Operator  2.0 

8-in.  Cast 

Special  shutoff  procedures  are  not  necessary  at  this  ; 

low  pressure. 


8-in.  Cast 
I  ron 

(7-in.  W.C.) 
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TABLE  B-2 


Repair  Estimate  -  Underground  distribution  system  (12  kV) 


Skill  Repair  Total  Time 

Classification  Effort  Required 

(mandays)  (8  hr.  shifts) 

Transformer 
Bushings 
Broken  -  fan 
Deformation 

Electricians  (2)  10  5 

Transformer 

Vault 

Damaged 

Cement  Worker  (2)  10 

Electrician  (4)  20  15 

Equipment  Operator  (1)  10 

Distribution 

Ducts  and 
Cables 
Destroyed 
(per  mile) 

Cement  Worker  (2)  42 

Electrician  (1)  32  .. 

-  *  36/m\±e 

Lineman  (7)  224 

Equipment  Operator  (1)  32 

NEW  CONSTRUCTION  EFFORT  (Mon  Doyt/CIrcult  Milo) 
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